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Heat Treatment 
at Vauxhall Motors Ltd. 


wo Muitelec indicating controllers and two Multelec recording con- 
trollers, shown on the panel, play an important part in the accurate heat 
treatment by this fine Salem furnace equipment at Vauxhall Motors. 

The top photograph shows the delivery end of the large continuous 
arburizing furnace, the small furnace in the foreground being used to 
maintain pots at the right temperature pending quenching. 

The small photograph (bottom right) shows the feed end of the large 
furnace. 

wo of the recording Multelecs and oneof the indicating Multelecs, control 
he carburizing furnace temperature at 920°C, the other. controlling 
he temperature in the smaller furnace at a slightly lower figure. 


by courtesy of Vauxhall Motors Ltd. and Salem Engineering Co., Ltd. 
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TEIN Chrome and Magnesite Refractories are available in 
five brands. While STEIN KM and STEIN DIKRO respect- 
ively burned and unburned chrome-magnesite, both offer high 
resistance to slags, the former has outstanding under-load 
strength and volume stability at high temperatures, and the 
latter remarkable spalling resistance. STEIN CHROME, burned 
chrome brick, is chemically neutral, resisting acid and basic 
slags, and STEIN MAG, a burned magnesite, shows superior 
under-load and anti-spalling properties. STEIN DIMAG is an 
unburned magnesite brick, having high resistance to destruction 
by spalling or corrosion by iron slags, has high mechanica! 
strength, and does not disintegrate. 


JOHN G. STEIN & CO. LTD., BONNYBRIDGE, SCOTLAND 


Eliminates all risk of contraction or expansion 

after hardening, 

This steel carries an excellent cutting edge j | 

and its low hardening heat and oil-cooling : 

ensures keen and true cutting faces after * 

hardening, 

As a hard-wearing steel, PITHO has no peer. . 

Use PITHO for your reamers, taps, broaches, , 
ball-bearings, gauges and fine precision tools. 4 


Write for Booklet B.4. 


SANDERSON BROTHERS EWBOULD 


SHEFFIELD LIMITED _ ENGLAND _ 
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it is used, 


producing countries and to their geographical dis- 
position, the war throughout 1940 has interfered 
less than might have been expected between suppliers and 
their chief markets, in the British Empire and America 
respectively. The International Tin Committee which 
regulates production to ensure a reasonably stable market 
was formed by the Belgian Congo, Bolivia, French Indo- 
China, Malaya, the Netherlands East Indies, Nigeria, and 
Thailand ; and although France, Belgium and Holland are 
now dominated by Germany and all contact with them 
has been cut off, British contact with their overseas empires 
has been strengthened. 

The tin which formerly was smelted in Holland is now 
smelted in British Malaya and the Netherlands East Indies ; 
part of the tin ore produced in the Belgian Congo is smelted 
locally, and part is shipped to England. The outputs of 
Bolivia and Nigeria are also smelted in England. 

At the outbreak of war the production quotas sanctioned 
for the countries signatory to the International Tin Agree- 
ment were only 40°,, of the standard tonnages. (Outputs 
corresponding to 100°,, quotas are the following : Malaya, 
77.335 tons; Bolivia, 46,027; Netherlands East Indies, 


QC) rots to the pulitical grouping of the various tin- 


39,055: Thailand, 18,628; Belgian Congo, 14,035; 
Nigeria, 10,890; and French Indo-China, 3,000 tons.) 


To ensure an adequate supply of tin outside enemy territory, 
the quota for the third quarter of 1939 was fixed at 120°,, 
and for the fourth quarter, 100°. In 1940 the quotas for 
the first two quarters were respectively 120°, and 80°. 

Following an agreement between representatives of the 
International Tin Committee and of the United States 
Government, the quota for one year from July 1, 1940, was 
fixed at 130°,, to provide for the accumulation in America 
of a reserve stock of 75,000 tons of tin. 

During the first twelve months of the war, 100,730 tons 
of tin were delivered to the United States, including a 
contribution towards the reserve stock. The peace-time 
tin consumption of the U.S.A. was around 70,000 tons 
annually, of which 35,600 to 40,000 tons were used by the 
tinplate industry ; 11,000 tons for solder ; 4,000 tons for 
bearing metals ; 4,000 tons for bronzes ; 3,500 tons for 
collapsible tubes ; 1,500 tons for tinfoil, and the balance 
for tinning, type metal, pewter, fusible alloys, and other 
uses, 

_The average annual consumption of tin in the United 
Kingdom during the five years before the war was 21,725 
tons. The consumption during the first year of war was 
33,200 tons, from which it appears that the war has 
increased consumption above peace-time needs by some 
11,500 tons. The production of tinplate in the United 
Kingdom is no greater than in peace-time, but is, in fact, 
restricted by the diversion of steel to other uses as well as 
by official restrictions on the use of tin cans. The directions 
in which the consumption of tin has increased are those 
Which are directly concerned with the country’s war effort, 


Tin and Industry 1940 


(Contributed by Tue Trix Reskarcn Institute.) 


Certain unique characteristics of tin make it almost indispensable for certain industries, 
and this review briefly discusses improvements and advances in all important forms in which 
Particular attention is directed to production and changes hrought about by war. 


The Tin Research Institute’s building 
at Frazer Road, Greenford, Middlesex. 


such as solder, bearing metals, bronzes, hot-tinning and 
electro-tinning. 

The same countries which combined to regulate the 
production of tin also formed the International Tin 
Research and Development Council. This body has con- 
tinued to function actively, and its organisation at Green- 
ford, Middlesex, has now been established as the ‘ Tin 
Research Institute.” 

The Council’s Statistical Office, which had its head- 

quarters in The Hague, ceased to function when Holland 
was invaded, and since May, 1940, statistics of production, 
consumption and stocks, so far as they are available, have 
been collected and disseminated from Greenford. 
The scope of the work at the Tin Research Institute has 
been affected by loss of contact with consumers on the 
European continent and by war-time conditions in England. 
At the outbreak of hostilities work on long-range researches 
was stopped, and the programme reorientated to allow 
concentration on uses of tin in war-time industries. These 
are, however, fundamentally similar to peace-time uses, 
and apart from the activities of the technical information 
séction, an unexpected continuity has been possible in 
certain lines of research. 


Tinplate 
The Institute’s experimental tinning machine devised 
some year ago, on which a number of improvements have 
recently been made, has shown that a smoother and less 
porous coating than is now commercial practice can be 
obtained on tinplate without increasing the weight of tin 
used. On ordinary tinplate the coating has slight ridges 


and valleys running both along and across the sheet. The 
new tinning machine greatly reduces these inequalities, and 
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Result of porosity test (left) on ordinary tinplate and (right) on tinplate 
after 5 minutes’ treatment in the new filming solution. 


as porosity is naturally more prevalent where the coating 
is thin greater uniformity gives reduced porosity, 


Hot-tinning 

In this war, as in the last, there has been a considerable 
increase in the demand for hot-tinned work. The dearth 
of experienced tinners, and the many new firms entering 
the business has stimulated a large demand for information 
and advice. As the result of the work done over the past 
few years, it is possible to cope with most of the demands, 
and practical demonstrations of hot-tinning are given each 
week at the Institute to all who are interested in using this 
process for war contracts. Help has been given in starting 
up and ruaning tinning baths, and investigations carried 
out in cases where special difficulties have arisen. The hot- 
tinning of cold-rolled strip sometimes presents special 
difficulties, which appear to be connected with the type of 
rolling lubricant used and with the annealing conditions. 
This has been studied and steps which overcome the 
difficulty can now be recommended. 

To make the available information readily accessible, 
the subject of hot-tinning has been dealt with exhaustively 
in a book which will be ready for distribution before the 
end of the year. 


Protective Films on Tinplate 
A great deal of tinplate is used for packing foodstuffs, 
many of which contain sulphur compounds, as, for instance, 
meat, fish, peas, etc. If unprotected tinplate is used 
chemical action arises during the hot sterilising process and 
even during storage, especially in summer time or in tropical 


This vessel, used in the meat-processing industry, has 
been reconditioned by electro-tinning. Coatings of any 
desired thickness can be applied by this method, 
providing a greater degree of protection than can be 
obtained by hot-tinning, with a corresponding increase 


in the time before retinning becomes necessary. 
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An example of hot-dip tinning, 
which is widely used to produce 
protective coatings on cast iron, 
steel, copper and brass articles. 


latitudes. The tinplate develops black markings and in 
certain cases even the foodstuffs may be stained. In some 
cases, but not all, the difficulty can be overcome by using 
a sulphur-resistant lacquer, but the new filmed surface 
developed by the Institute has many attractions. 

The process consists in immersing the tinplate or the 
empty can in a hot solution of a chromate, in the presence 
of an alkaline detergent and a suitable wetting agent. 
After a few minutes a thin and quite invisible film is formed 
and a thorough rinse completes the process. The film has 
been found to give complete protection with many sulphur- 
bearing foodstuffs. The process is cheap and relatively 
easily adapted to commercial canning conditions, and large- 
scale tests are now under way in more than one cannery. 


Electro-deposition of Tin 

At an earlier stage the work of the Institute was directed 
to determining the relative merits of the various plating 
solutions known, and to determining the exact conditions 
to obtain the best possible coatings. This work was sum- 
marised in “ Electro-Tinning (Working Instructions).” 
Numerous plants are now running on the lines laid down, 
and it may be said that tin-plating is now an ordinary 
industrial process. Some difficulty arises through the 
existence of earlier and quite unreliable processes, chiefly 
the sodium stannite bath, which is still sometimes recom- 
mended. The use of steel equipment heavily tinned by 
combined hot-dipping and electro-deposition is increasing 
in factories handling food products. Electro-tinning not 


These cans were packed with corned beef and 
opened after three months’ storage. The 
stained can was of plain tinplate. The other 
can had been given a protective surface by the 
Tin Research Institute’s new process, and 
remained as bright as when originally packed. 
Similar results have been obtained with other 
food products. 
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only cheapens the retinning cost, but as it provides a 
thicker coating than has hitherto been available it offers 
opportunities for economy that are now being appreciated. 


White Bronze 


The electro-deposition of this interesting alloy has made 
some progress in industry. The coating, although almost 
indistinguishable from silver, has an attractive warmth of 
colour and a somewhat unexpectedly high resistance to 
tarnish and corrosion. The alloy consists of about 40°, 
of tin and 60°, of copper, and is, indeed, the speculum 
metal of the ancient world. When our industries return 
to peace-time conditions the coating will be widely adopted 
for domestic hardware and decorative metal work. 


Bearing Metals 


With the higher speeds and compression pressures used 
in the latest designs of internal combustion engines, bearing 
pressures have tended to rise above the safe load for 
babbitts. This has been met by attempts to improve the 
strength of the white metal and by the introduction of 
other alloys which, although poorer as anti-friction metals, 
have sufficient strength for the new running conditions. 
The unique features of tin-base bearing metal are: Its 
ability to retain its oil film ; its freedom from scoring and 
from liability to seize. For these reasons even a moderate 
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improvement in mechanical qualities would justify its 
restoration almost universally. Some progress has been 
made by using thinner babbitt shells, which permit the 
mechanical strength of the backing metal to play a greater 
part, but chief interest centres on certain new alloys 
developed during the year which are now undergoing 
extensive trial in conjunction with bearing metal manu- 
facturers and engine builders. Like the original babbitts, 
these alloys contain over 90°, of tin, but the additional 
elements have been varied and alloys have been obtained 
of substantially greater mechanical strength and with the 
capacity for retaining a larger proportion of that strength 
at the relatively high-working temperatures now in use. 
A valuable feature is that the enhanced mechanical pro- 
perties have not been obtained by any sacrifice of the anti- 
friction qualities. The results of the practical tests are 
awaited with interest. 

Other work includes the discovery of an improved 
pewter alloy of about twice the strength of the alloy now 
in use. Improved methods of casting bronze are also being 
developed which permit the use of a higher tin content 
and provide alloys with greatly improved mechanical 
qualities and corrosion resistance. 

In summary, it may be said that such improvements 
and advances are being made in all the important forms in 
which tin is used as will enable it at least to hold its own 
in these times of rapid metallurgical progress. 


Microhardness of Metals in ‘hin Layers 


A new diamond indenting instrument has been developed for measuring the indentation 


hardness of brittle materials. 


Reference is made to this instrument in its application 


to the hardness determination of thin layers of metals. 


SENSITIVE diamond indenting tool has been 
A developed recently at the National Bureau of 

Standards in the United States for measuring 
primarily the indentation hardness of brittle materials, 
such as glasses, crystals, and enamels, which shatter when 
tested with the ball, cone, or square base, pyramid tools 
commonly used on metals. Using this new instrument for 
determining the microhardness of thin layers of metals, 
C. G. Peters and F. Knoop* have made a series of hardness 
tests on a number of metallurgical materials to show its 
unique applications. Some of these were determinations 
of the hardness of the nitrided skin on molybdenum high- 
speed steels, with different times and temperatures of 
salt-bath treatments; the hardness of large carbide 
particles in high-speed and plain carbon stzels ; the hard- 
ness of sintered carbides including boron carbide; and 
the hardness of a number of other materials including 
chromium plate and phosphor bronze sheet. 

The indenter, which is of pyramidal form, having a 
(liamond-shaped base, is a diamond crystal of 0-25 to 
1-5 carats, rigidly mounted in a metal holder for cutting 
and use, and having a length approximately seven times 
its width and 30 times its depth. It is shown on the 
left of Fig. 1; the shape of the indentation being shown 
on the right. The sensitivity of this tool is such that a 
load of 0-5 kg. gives for hard steel indentations of 100pu 
length which can be measured with an accuracy of 1 » 
with a micrometer microscope, and it is evident from the 
magnitude of the penetration which is but 3, for an 
indentation of 1094 length, that very thin metal speci- 
mens may also be tested as well as brittle materials. The 
indentation or hardness number I is the ratio of the load L 
in kilograms applied to the indenter, to the unrecovered 
projected area A in (mm.)? 

I 
BC 
Where / is the measured length in mm. of the long diagonal 
of th. indentation, and C is a constant relating / to the 


* Metals and Alloys, 1940, Vol. 12, No. 3, pp. 292-297. 


projected area. In making indentation tests, the indenter 
is incorporated with a device for applying a known load 
and with a micrometer microscope in a single unit, and the 
indentation number corresponding to a measured length 1 
and a given load is read from a chart. 


Fig. 1—-Diamond indenting tool. 


For testing chromium plating, nine steel blocks 0-9 in. 
diameter, 0-5in. thick, with surfaces polished plane to 
about 0-00001 in. were plated with different thicknesses of 
chromium deposited at different current densities. In- 
dentations were made on each block under loads ranging 
from 50g. to 2kg. For platings of 0-001in. or more in 
thickness, the hardness seemed to be unaffected by the 
hardness of the basis metal. Different current densities 
gave about the same results. although if anything, the 
lower density seemed to produce a slightly harder deposit. 
The ratio of the deposit thickness to the depth of penetra- 
tion had a marked effect on the hardness number, and 
wherever that ratio became less than 14 for the heavier 
load, a marked falling off of the hardness ensued, and 
from this it was considered that to obtain consistent results, 
the deposit thickness should be at least 14 times the depth 
of penetration of the indenter. 

Nine specimens of commercial phosphor bronze contain- 
ing copper, 4-6°,, tin, and 0-2°%, phosphorus rolled 
to thicknesses of from 0-002 to 0-008 in. were tested from 
50 g. to 500g. As in the case of chromium plate, the thin 
samples of phosphor bronze gave low hardness numbers, 


| 
\ 
\ 
w 
SS 
\ 
v4 
J 
“A. 
; 


and for the heavy loads the numbers decreased for thick- 
nesses of 0-006in. or less. With the 0-002 in. specimen 
no difference was found for indentations having their long 
diagonal parallel and perpendicular to the direction of 
rolling. A decided softening was produced by heating 
the 0-004in. and the 0-006in. specimens to 400° C., 
when the ratio of the necessary thickness to the penetra- 
tion was about 35 as against 25 for the other specimens. 

One annealed and one hardened specimen of molybdenum- 
tungsten cobalt steel, and one specimen of hardened molyb- 
denum-tungsten high-speed steel which had been nitrided 
by immersion for two hours in a bath composed of 50°, 
KCN and 50°), Na CN at a temperature of 550° C. were 
also tested. The hardness numbers obtained for the car- 
hides of the first two specimens were approximately the 
same, but the hardness of the matrix in the hardened 
specimen was more than three times that of the matrix 
in the annealed specimen. In the third specimen hardness 
determinations were made from the edge inwards, and the 
maximum hardness was found at a depth of 10 to 20 yu. 
Beyond 20, the numbers decreased until they became 
constant at the matrix value for depths greater than 60,, 
showing that the effect of the nitriding reached a depth 
of about 0-002in., and was a maximum to a depth of 
0-001 in. 

Determinations were also made on specimens of nitrided 
high-speed steel. Some were annealed and some hardened 
before nitriding for different lengths of time, others were 
tempered before nitriding for different lengths of time 
and before nitriding at different temperatures, and four 
samples were hardened before nitriding at different tem- 
peratures. The data obtained from these tests showed that 
the final hardnesses of the hardened specimens were much 
higher than those of the annealed specimens, but that the 
increase in hardness produced by the nitriding was greater 
for the annealed specimens. Lower hardness numbers were 
obtained for thin lavers and heavy loads an effect similar 
to that found for thin plating and rolled sheets. Data from 
the hardened and the tempered tests showed that nitriding 
for about 90 min. near 600°C. produced the maximum 
surface hardness, 

Indentations made on a metallographic specimen of a 
high-purity iron carbon alloy gave hardness values ranging 
from 190 for soft pearlite to about 720 for fully-hardened 
martensite. A nodule of troostite 25 to 30 in diameter 
had a hardness number of 570, whereas the surrounding 
martensite had a value of about 700. Determinations of 
hardness were also made in the coarse grain of lamellar 
pearlite both transversely and in the direction of the 
laminations, and showed that the pearlite grain was 
apparently softer in the direction of the laminations. 

Indentation numbers were also determined for standard 
Rockwell specimens and for rolled copper with the pyra- 
midal indenter and with the Brinell and Vickers hardness 
machines, The results obtained were as follows : 
Brinell Viekers  Tndentation 

Rall ker Tlardness, Number 1, 
cone 10mm. Carbaley 71 
Rockwell © 47 Ww me m5 
Rockwell C25 Ww 265 
ogee 


wkwell 


for rolled copper is 20°, greater than the Brinell hardness 
number, and 30°. greater than the corresponding Vickers 
number, while the indentation number for steel C65-—67 
agrees with the Brinell hardness, but is 12°, less than the 
Vickers hardness for the same steel. 

Hardness numbers determined by the indenter for 
minerals of the Mohs scale and for several hard abrasive 
materials showed a big gap to exist between the hardest 
carbid> and the diamond, average values of 8,350 2,250, 
2,100, 1,625 and 1,250 being obtained for the diamond, 
moulded boron carbide, black silicon carbide alundum, 
and carbaloy, respectively. The extremely high force 
exerted by the minute point of the diamond tool in making 
the indentation in these hard materials can be appreciated 
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when expressed in pounds per square inch. For hardened 
steel the pressure was computed to be over 1,000,000 Ib. 
per sq. in., for mould boron carbide over 3,000,000 lb. 
per sq. in., and for the diamond about 12,000,000 Ib. 


per sq. in, 


Manganese Production in the Urals 
A New Manganese Centre 


A NEW manganese-producing centre is being established 
in the North Urals. Preparations are now far advanced 
for the construction of a big combine early in 1941. The 
district in which the combine will be built—near the village 
of Polunoch in the Ivdel Province—contains one of the 
largest manganese ore deposits in the Soviet Union. The 
preliminary survey of the route for a new railway running 
from Ivdel to the manganese deposits has already been 
completed. 

The new manganese centre will obviate the need to 
transport manganese ore from the southern parts of the 
Union. Until the discovery of the Ural fields, deposits of 
manganese in Russia were concentrated in the Ukraine 
and in Georgia, and the ore had to be transported for 
thousands of miles to the Urals and Siberia. 


Porosity and Analogous Problems in 
Aluminium Alloy Castings 


Conprtions and factors making for porosity in castings 
apply more or less to all metals, but in a recent booklet* 
reference is made especially to aluminium alloy casting. 
These factors include the composition and initial condition 
of the alloy to be used ; the procedure adopted for melting : 
the care exercised in the rate of heating ; temperature 
control ; the time the metal is held in a molten state : 
technique of pouring ; the type of mould; and the size 
and design of the casting. In addition, the chemical, 
physical, and mechanical properties of aluminium alloys 
confer, to some degree, special features upon the various 
forms of porosity and analogous defects which in the cast 
form may occur in them. These special features, in the case 
of light alloys, are low specific gravity, which reduces the 
resistance to the tendency of mould gases to blow back ; 
the comparatively low-casting temperatures ; hot shortness 
of many of the alloys ; and pronounced casting shrinkage. 
In spite of these many factors, progress in foundry technique 
has reduced the number of faulty castings to a compara- 
tively small percentage of the total. 

Particular reference is made to the influence of alloy 
composition on soundness, and mention is made of the 
types of alloys that are easy to cast, and also of those which 
present special difficulties. The initial state of the metal to 
be melted and cast is considered and melting practice is 
discussed, particularly in relation to the tendency of light 
alloys to absorb gases, and the elimination of moisture and 
prevention of contact with combustion products are both 
directed to reducing the amount of gas absorption. Over- 
heating must be avoided, and the optimum casting tempera- 
ture for the particular alloy composition, and size and 
design of casting, adhered to. Suitable means for removing 
gases from the melt are discussed, and the mould design in 
relation to soundness is considered. The importance of the 
right type of moulding sand is stressed, and reference made 
to the design of dies for gravity and pressure die-casting. 
Means for eliminating recurrent defects are also considered 
in relation to the method of examining castings by means of 
X-rays, and the use of pressure tests, of which the former 
can be used to provide guidance in obtaining soundness 
in castings. 


The Adelp! 


* Aluminium Technique,” issued by Aluminium Union, Ltd., 
Strand, London, W.C. 2. 
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British Metallurgical Progress in 
War-Time 


AR is always an evil, and because of its magnitude 
Wi present war has caused tremendous com- 

mercial and industrial dislocation. It has thrown 
world industry into the crucible, but it is remarkable how 
British industry has applied itself with continuously 
increasing vigour to the enormous demands made upon 
it, especially when it is remembered that it is now in the 
front line and bearing its share of the knocks that in war 
are normally taken by the armed forces. ‘There has been 
great activity in all the metallurgical industries during the 
past twelve months, and when production figures become 
available, it will be found that in all sections output 
records have been established. In many _ respects 
this is not surprising, because, since the outbreak of 
hostilities and especially since the fall of France, Britain 
and the Empire has been engaged in a life-or-death struggle, 
and it has been incumbent upon the industries to make 
every effort to supply the growing needs of the Services. 
In addition, however, the necessity of maintaining our 
export trade at a high level, has contributed in no small 
measure to the high outputs achieved. 

In total war, such as this in which we are engaged, 
British industry is concentrated upon special war efforts 
that not only concern the production of vast quantities 
of arms and ammunition, but all the plant and machinery 
tosatisfy the demands of the Forces, and, indeed, intensive 
activity in all the basic industries to effect an early satis- 
factory conclusion to hostilities. We are dependent upon 
transport from overseas for food, materials, machinery 
and merchandise essential to the successful prosecution 
of the war and the concentration on shipbuilding to replace 
losses in action has made great demands on the metallurgical 
industries. The various branches of engineering, too, have 
been very active during the year, particularly marine and 
electrical engineering. The latter, in addition to meeting 
the essential needs of the home market, has been vigorously 
engaged on work for overseas. In this connection mention 
may be made of important new orders covering a complete 
hew power station of 60,000 kw. capacity for Turkey. 
Thus, it will be appreciated that production in the metal- 
lurgical industries on a vastly increased scale has been a 
hecessity, but the high levels attained would have been 
impossible of accomplishment without the aid of many 
and varied contributory factors. 

_ Whether at peace or war, Britain is dependent upon 
its iron and steel industry. Despite developments with 
other materials, the ferrous metals are of supreme im- 
portance, and an efficient iron and steel industry is of 
Vital concern. For some years after the last war the British 
iron vid steel industry as a whole was in distress ; it had 
been -(t with a surplus of plant, either obsolete or in 
need «: improvement, while the evils of cut-throat com- 
Petition and under-employment of this plant added con- 
sideraly to the economic difficulties. Since that time, 
hows it has been completely reorganised. Extensive 
developments had been in progress for many years, and 
at the beginning of the present war the iron and steel 
Plant~ ‘iad been modernised or entirely reconstructed and 
Were i, a position to augment greatly their output. The 
full rsults of the considerable capital expenditure in- 
Volvec’ were not then possible, but since the beginning 


of this war they have been working to capacity, and there 
is ample evidence that they are producing as efficiently 
and as economically as the most modern plants elsewhere. 
As will be appreciated, the change from peace to war con- 
ditions involved some dislocation, and the task of adjusting 
production to priority demands necessitated considerable 
co-ordination of effort to augment output for war purposes. 
With the increasing need for intensified production there 
is no doubt that attention will also be given to the co- 
ordination of effort in eliminating forces retarding pro- 
duction with a view to raising further the standard of 
efficiency of this vital industry, and thus enable it to 
improve upon its present achievements. 

It is well to remember the almost illimitable resources 
of the British Commonwealth of Nations in non-ferrous 
ores and that supplies of these essential materials arrive 
in Britain with such regularity that plants are able to 
operate at full capacity. Non-ferrous metal smelting and 
refining ranks first among Canada’s manufacturing in- 
dustries and the war has given a great impetus to her 
mining industry ; it is safe to say that new high-production 
levels are now being attained in Canada to meet the require- 
ments of Britain. But this is also true of Australia, from 
which Britain has purchased all the exportable surplus 
of Australian copper, zinc, lead and tungsten. The surplus 
of New Zealand wolfram, too, has been purchased by 
Britain, and the same applies to the non-ferrous base 
metals mined in South Africa and Southern Rhodesia. 
Normally, neither Britain nor the Dominions exercise a 
monopoly of these resources, which would be detrimental 
to the rest of the world. In peace-time they are available 
to other nations on the open market at world prices, but, 
in war-time, they have become a vast reservoir upon which 
the members of the Commonwealth can draw, and which 
are denied the common enemy. But, ,while a con- 
siderable amount of smelting and refining is carried out 
in the Dominions and the ingots and slabs shipped to this 
country, there are aluminium and magnesium-producing 
plants in Great Britain that are the last word in modernity, 
tin, zine and copper refineries that are thoroughly up-to- 
date and in many aspects are unsurpassed anywhere. 

There has been tremendous research activity during 
the twelve months, and in the metallurgical industries this 
has been directed more especially to the elucidation of 
current problems rather than to the development of new 
alloys, although it must not be assumed that no work in 
the latter direction is in progress, because a number of 
new and modified alloy steels for specific purposes have 
been tested and found to possess admirable propertics, 
and to be in some respects superior to existing alloys 
developed for similar purposes. It is not possible however, 
to discuss in any detail the valuable scientific and technical 
work carried out or in progress since the outbreak of war, 
but it is sufficient to remind ourselves that the immense 
activity of the metallurgical industries is supported by 
persistent research, the results of which enable our air- 
craft, naval and merchant vessels, and all the plant and 
machinery essential to war conditions, to give the utmost 
service, however arduous the circumstances. 

With few exceptions, the various British ferrcus and 
non-ferrous materials, which are proving so successful 
under war conditions, are just as applicable for service 
under peace conditions and the intensive work involved 
in perfecting production will ultimately secure for British 
industry a foremost position in the markets of the world. 
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Secondary and Scrap Aluminium 
Uric this heading we published an editorial in our 


August, 1940, issue, in which we stressed the need 

for conservation of metals. It was emphasised that, 
while attention must be given to safeguard supplies of 
strategic minerals, the stock of metal in use is no less a 
valuable resource than unmined ore. It is frequently 
assumed that conservation is concerned only with the 
production phases of the metai industries, whereas the 
effective conservation in the utilisation phases is, at least, 
as important. It should not be overlooked that real 
conservation can be achieved by promoting the constant 
use and re-use of that part of production which is not 
destroyed in service. Thus, the recovery of scrap and 
wastes, and their use with or instead of metals produced 
from ores, is sound economics, and entirely in accordance 
with the general principle of conserving natural resources. 
This principle is recognised in all the meta!-producing 
industries. In the iron and steel industries, for instance, 
the use of scrap has become essential in certain steel manu- 
facturing processes, and it is regularly used in iron and steel 
foundries, but for some unaccountable reason the re-use 
of aluminium in this country seemed to be discouraged. 
We are glad, however, to publish elsewhere in this issue 
the information from Mr. H. F. James, director of Northern 
Aluminium Co., Ltd., that steps have been taken to ensure 
that all good quality scrap is recovered in an identifiable 
form for further use. 

The recovery of aluminium from scrap of various kinds 
and its use with or instead of virgin metal is sound 
economics. Difficulties are undoubtedly encountered in 
maintaining the high grade of secondary aluminium suitable 
for re-use under present conditions, but with care and 
experience in sorting scrap into various categories these 
difficulties should not be insurmountable. If clean, carefully 
graded scrap is remelted under controlled conditions there 
is no reason why the secondary metal produced should 
not compare favourably with certain grades of virgin metal. 


The Cunard Line Centenary 

In these days when the Merchant Service is giving its full 
support to the national war effort, by carrying on so 
gallantly in the face of danger, it is appropriate that the 
centenary of the Cunard Line should be celebrated in this 
vear of 1940. Samuel Cunard, an American, came to this 
country in 1838 with the object of securing the Admiralty 
contract for the transport of mails across the Atlantic and 
to establish a service of steamers sailing from Liverpool 
contract for the transport of mails across the Atlantic and 
to Halifax and on to Boston in the United States. Before 
that project could be carried through, however, he had to 
have the ships built, and in this he had the valuable help 
of Robert Napier, the eminent Scottish marine engineer, 
who not only provided the technical knowledge, but was 
responsible, through the generosity of his friends, for raising 
the necessary financis! capital. Thus it was that the 
Britannia was built and made her momentous crossing in 
1840, and so began the famous Cunard Line and the service 
that has given to the world such proud ships as the Queen 
Mary and the Queen Elizabeth. 


BIRMINGHAM ALUMINIUM CastINGs (1908) Co., Lrp., has 
issued three pocket charts which have considerable practical 
value. No. | gives the mechanical and physical properties 
of a useful range of aluminium alloys and zine alloys ; it 
also gives the trade name of each alloy, the specification 
which it satisfies, the purpose for which it is most suitable, 
and some outstanding characteristics. No. 2 is concerned 
with the mechanical and physical properties and applica- 
tions of aluminium and Elektron alloys on the same lines 
as No. |, while No. 3 gives essential data on composition 
and heat-treatment of aluminium and Elektron alloys. 
They are issued in a very handy form and may be obtained 
from Birmid Works, Smethwick, Birmingham. 
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Production of Magnesium and 
Beryllium by Carbon Reductio; 
He PERATURE reduction of magnesia wit 


a carbonaceous agent in an electric furnace, t] 

metal evolved being condensed in a very pure for», 
is by no means a new process. An unsatisfactory feature, 
however, has been the relatively slow rate of evolution of 
the metallic vapour. To overcome this, it has been pro- 
posed! to exploit the accelerating action of a heat-resistant 
oxide, such as silica. In one illustration of the procedure, 
300 parts finely powdered magnesia, 127 parts powdered 
graphite, and 47 parts silica were briquetted with a tar 
binder and placed in a furnace at 1,500° C. and a pressure 
of 10mm. mercury. Distillation of reduced magnesium 
was completed in 2 hours. An identical batch, except for 
the absence of silica, was run for the same period when the 
conversion to metal was found to be only 75%, of that 
obtained with the first batch. This accelerating effect 
was also found to be exerted by chromium trioxide and 
calcium fluoride. A reduction mix comprising 300 parts 
magnesia, 127 parts graphite, and 9 parts calcium fluoride 
gave a magnesium yield equivalent to 50-2°, of theory, as 
against only 32-2°, with graphite alone. The yield of 
distilled magnesium was 73-7°, of theory with a mix con- 
taining 300 magnesia, 127 graphite, 17 calcium fluoride, and 
400 calcium oxide. The same quantities of magnesia and 
graphite in admixture with 31 parts chromium trioxide 
(Cr,O3) and 51 parts silica resulted in a 56-2°% yield of 
distilled metal. 

The problem of economic reduction of beryllium oxide 
with carbon has been solved along rather different lines. 
Normal high-purity beryllium oxide, it was revealed, suffers 
from the defect of sintering before the optimum reduction 
temperature in the electric furnace is reached. As a result, 
the surface exposed to the reducing action is considerably 
reduced, and the process is further slowed down owing to 
retention of beryllium vapour in the compact mass. The 
difficulties were overcome? by starting from an exceptionally 
high grade of oxide, in fact one containing less than 0- 1°, 
of total impurities (less than 0-02°, each of silica, ferric 
oxide, calcium oxide and alumina). Such an oxide was 
far and away superior to the ordinary 99-7°, material. 
In an induction furnace at a temperature of about 2,100° C. 
the high-grade beryllium oxide released its metal at the 
rate of 24-5°,, per hour, as compared with only 12-5° 
in the case of the 99-7°,, oxide. In both cases a stream 
of hydrogen was used to sweep the metallic vapour out of 
the reaction zone. Subsequently the vapour was rapidly 
cooled to avoid reoxidation by the carbon monoxide formed 
in the reaction. Exhaustive analyses are not essential in 
the selection of raw material. The essential requirement is 
that the mix should not sinter before reaching the reduction 
temperature, but should retain its original loose texture. 
Thus a sample which sinters at, say, 1,600° C. is obviously 
unsuitable. Another reliable criterion is the exceptionally 
high apparent density of beryllium oxides analysing at 
or higher. 


Mr. Charles Russell Lang, C.B.E. 

WE have to announce with sincere regret the death, on 
December 3, 1940, of Mr. Charles Russell Lang, C.B-E., 
Senior Director of G. and J. Weir, Ltd., Cathcart, Glasgow. 
Mr. Lang joined the firm in 1887 as works’ manager, sub- 
sequently becoming a director and joint managing director. 

In his association with G. and J. Weir, Ltd., Mr. Lang 
had, for many strenuous and active years, taken a leading 
and responsible part in carrying out successful develop- 
ments in the firm’s products, organisation and departmental 
arrangements. Few men worked harder during the 
stressful years of the 1914-1918 war, and his unceasing 
efforts at that time were recognised by the award of 4 
C.B.E. in 1918. 


05,658, Dow Chemical Company. 


1 USP. 
2 U.S.P. 2,204,221. Brush Beryllium Company. 
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Some Developments in Alloy Steel 


Production 
By J. H. G. Monypenny, F.Inst.P. 


The factors which have contributed to the development of the alloy steel industry are discussed, 
and a comparison made between old and new specifications showing the extent of progress 


in meeting more exacting demands on alloy steel. 


Attention is directed to the striking develop- 


ments in the commercial use of stainless and heat-resisting steels resulting from improvements in 
detail, and the suggestion is made that more effective use of low ferro-chrome would result from 
a wider application of the lower chromium, higher nickel steel. 


characteristic of human nature which never seems to 

change. A cynic would probably point to present 
conditions in Europe as an example of what may happen 
if to this characteristic is added brutality and unbridled 
licence, and argue therefrom that the human race would be 
better if the desire for something out of reach could be 
eradicated or at least kept under close control. But not 
all the effects of this human desire are evil; thus it is 
highly probable that much of the progress in alloy steel 
metallurgy has originated in a desire to obtain properties 
which seemed at the moment to be just beyond reach. 
Sometimes the goal to be attained concerned mechanical 
properties—e.g., higher tensile strength or toughness,— 
sometimes other properties, such as corrosion resistance, 
strength at high temperatures, magnetic properties ; at 
other times it was the production of equal properties at less 
cost. All these factors have contributed in bringing the 
alloy steel industry in this country to its present state of 
development. 

Perhaps the “ high spot ’’ at the present time regarding 
alloy steels concerns their use in aircraft, where the demand 
is frequently for higher tensile strength combined with 
adequate toughness, in order that weight may be cut down 
toa minimum. In addition, relative freedom from non- 
metallic inclusions is expected, not only because such 
inclusions may be regarded as microscopic flaws and there- 
fore liable, possibly, to reduce the actual strength of the 
steel or to cause local concentrations of stress, either of 
which would tend to diminish the effective strength of 
some particular part, but also because their presence may 
impair the surface polish necessary in some enyine detail 
to ensure smooth running. The standard attained in the 
steel industry in all these matters is extremely high. As 
regards combinations of strength and toughness, it may 
be interesting to recall the position during the early years 
of the last war. The manufacture of aircraft was then 
developing rapidly with a consequent demand for alloy 
steels of high tensile strength. A comparison of the pro- 
perties available then and now will afford some idea of the 
extent to which ferrous metallurgy has meanwhile pro- 


gresser 1. 


T's demand for the temporarily unattainable is a 


Air Board Specifications 

A survey of Air Board specifications issued during 1917, 
when we had been at war for over two years, shows that a 
tensil> strength of 55-65 tons per sq. in. was regarded as 
characterising a “ high-tensile ’ steel, and the specifica- 
tions covering the supply of such steel (S2, S11, S 12, 
S30) «olled also for a minimum impact value of 40 ft.-Ibs. 
To ob \in a value well over this minimum figure along with 
a tense strength near the upper end of the specified range 
repres ated a real achievement. That this was the case is 
obvir from the crankshaft specification K 1 (April, 1917) 
and ‘more general specifications, S 33 and S 34 for bars, 
billet and forgings (issued June, 1918), which called for 
the iewhat higher tensile strength of 60-70 tons per 
‘q. together with a minimum Izod value of 35 ft.-Ibs. 
at 60 ns, falling to 30 ft.-Ibs. at 70 tons. This graduated 
Value adieates the difficulties experienced in obtaining 
high | \pact values with tensile strength over 60 tons per 
‘q. in. Present specifications S 65 and S 81 call for 65-70 


and 65-75 tons per sq. in. respectively, together with 
minimum impact values of 35 ft.-lbs., and a survey of a 
large number of current tests indicates that values of 
50-60 ft.-lb. are regularly obtained with 70 tons per sq. in. 
tensile strength. Judged from this angle, S 11 require- 
ments (which are still substantially the same as in 1917) 
appear relatively simple ; in point of fact, it is not un- 
common for Izod values of 90 or 100 ft.-lb. to be obtained 
in bars 1 in.—2in. diameter, with a tensile strength of 
60 tons per sq. in., figures which would have been regarded 
as quite impossible of attainment during the last war. 

Actually, it is unnecessary to use such a highly alloyed 
steel as is specified in 8 11 to meet the physical require- 
ments of this specification in sizes up to 2} in. or so. For 
example, within this range of sizes, steel containing about 
1-5°% manganese and 0-5°,, molybdenum will fully meet 
the specified requirements, a fact which has been evident 
for some time by the use of steels of this type for B.S.I. 
specification 2S 2, which calls for the same physical tests 
as S 11, but does not specify the type of alloy steel to be 
used. Similarly, the requirements of other specifications— 
e.g., 865, S8l—can be satisfactorily obtained within 
certain limits of size from steels of lower alloy content 
than are actually called for in these specifications. The 
use of these lower alloyed steels results not only in a saving 
in cost, but, more important still, a conservation of essential 
ferro alloys. 

Similar improvements in toughness values are noticeable 
in 100-ton” steels of the air-hardening nickel-chrome 
type. Specification 8S 18 (March, 1917) called for 100 tons 
per sq. in. tensile strength and 8 ft.-lb. minimum impact 
value. S28 (January, 1918) allowed a range of tensile 
strength of 90-110 tons per sq. in. with graduated values 
for elongation, reduction of area and impact; the last- 
named being 12 ft.-lb. minimum with 100 tons per sq. in. 
tensile strength. The modern equivalent of this specifica- 
tion returns to the 100 tons minimum, and also requires 
not less than 15 ft.-lb. Izod value. Actually, values of 
over 30 ft.-lb. are quite common, a recent test result being 
108 tons per sq. in. tensile strength, 15°, elongation, 
48-5°,, reduction of area, and 42 ft.-lb. Izod value. Here 
again, if oil-hardening be permitted instead of air-hardening, 
the required properties may be obtained within certain 
limits of size by the use of steels of a lower alloy content 
than is specified. 

One of the difficulties during the last war—i.e., the pro- 
duction of tensile strengths between 70 and 90 tons per 
sq. in. with reasonable toughness—arose on account of 
temper brittleness in nickel chrome steels. Steel works 
metallurgists who, like the author, were concerned with 
alloy steel development in that period, will remember early 
troubles in attempting to meet the requirements of specifi- 
cation 120 A—for connecting rod forgings,—which, inter 
alia, called for 70-80 tons per sq. in. tensile strength, 15°, 
elongation, and 24 ft.-lb. impact value. In bars 1} in. or 
so in diameter the problem could be solved by the use of 
steels which did not suffer from temper brittleness so 
markedly as nickel-chrome steels ; thus the specified tests 
were obtained quite well from steel containing about 14% 
chromium plus a small amount of vanadium. Such a steel, 
however, will not harden completely when oil-quenched 
in bars or forgings 4 in. or so in diameter, and, unfortunately, 
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this fact not being realised in certain official quarters, the 
steel was used for master connecting-rod forgings ; as might 
be expected, the tensile strength at the “ big end,” where 
the forging was 4 in. or 5 in. thick, nowhere approached the 
specified figure. As is now well known, temper brittleness 
may be removed entirely from nickel-chrome steels—which 
will, of course, harden satisfactorily in these larger sizes—by 
a suitable addition of molybdenum, which also, by retarding 
the tempering of the steel above about 500° C., allows the 
use of somewhat higher tempering temperatures to obtain 
a given tensile strength. The latter feature is also pro- 
duced to a marked extent by small additions of vanadium ; 
for example, Burton and Russell* showed that small 
additions of this metal to various steels resulted in a very 
slow fall in tensile strength and hardness as the tempering 
temperature of the hardened steels rose above 500°C. up 
to about 650° C. The effect is due apparently to a form of 
precipitation hardening as a result of the slow separation 
and aguvlomeration of vanadium carbide and even leads, in 
some cases, to a hump at about 600° on the curve when 
hardness is plotted against temperature. 
the known actions of these two metals has enabled steels to 
be produced having tensile strengths of 80-90 tons, together 
with impact values which have an ample margin over the 
specified minimum of 25 ft.-lb.; moreover, these results 
can be obtained by tempering at temperature round about 
600° C., a desirable feature, for example, where freedom 
from warpage during subsequent machining—possibly of a 
complex nature—is important. 

High-tensile case-hardening steels show similar’ marked 
improvement. S 16 (issued March, 1917) called originally 
for a nickel-chrome steel to give 60-80 tons per sq. in, 
tensile strength with a minimum impact value of 30 ft.-lb., 
but difficulties in the higher range of tensile strength soon 
led to a sliding scale for impact value ; in June, 1917, the 
specified figure ranged from 30 to 15 ft.-lb., the stipulated 
minimum falling as the tensile strength rose from 60 
SO tons per sq. in. In August, [917, there were further 
modifications, the range of tensile strength being lowered 
to 4-70 tons per sq. in., with which was coupled Izod 
values of 30-25 ft.-lb., the minimum value being related 
to tensile strength, such that the latter plus four times the 
Izod value was not less than 170. S 16 was discarded some 
years ago ; its modern equivalent, S 82, requires a minimum 
of 85 tons per sq. in. tensile strength, with 25 ft.-lb. impact, 
and current practice indicates that the latter figure is well 
exceeded even when tensile strength is as high as 90 tons 
per sq. in, 

One may similarly contrast the early difficulties with 5°, 
nickel case-hardening steels with present regular practice. 
Specification S17 (March, 1917) called originally for 
minimum values of 65 tons per sq. in. and 30 ft. Ib., but 
this was quickly modified to 65-85 tons per sq. in., with a 
minimum tized value on a sliding scale such that tensile 
strength plus twice Izod value was not less than 125. Later 
the range of tensile strength was lowered to 60-85 tons 
per sq. in., and the sliding scale modified so that tensile 
strength plus twice Izod value was not to be less than 115 
i.e, a minimum value of 25 ft.-lb., with a tensile strength 
of 65 tons per sq. in. S17, like S 16, fell into desuetude, 
but the modern version, S20, calls again for minimum 
values of 65 tons per sq. in. and 30 ft.-lb. : current practice 
shows that the latter figure now causes no trouble, values 
of 40 ft.-lb. or so being regularly obtained with a tensile 
strength of SO tons per sq. in. 

Nitrided surfaces are of particular value in lessening 
wear. In some instances, however, the extreme hardness 
obtained from Nitralloy,’ the chromium-aluminium- 
molybdenum steel originally developed for nitriding, may 
not be necessary or even desirable. ‘The last few years 
have seen the increasing use of chromium-molybdenum 
steels of suitable composition, which, when nitrided, have 
hardnesses of 700-1,000 or thereabouts on the 
diamond-hardness and moreover possess 
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high strength and toughness in the unnitrided parts. The: 
steels find effective use in engine details, where resistance { 
wear is of considerable importance. Incidentally, some . 
them are of value as high-tensile steels for parts which «. 
not require nitriding. 


Clean Steel 


Mention has been made of the production of steels con. 
taining a minimum amount of non-metallic inclusions. 
Whilst this applies more particularly to steels melted in the 
basic electric-are furnace, it is also a fact that acid open. 
hearth steels are being made of a surprising degree of 
cleanness. Such steels, indeed, serve many useful purposes 
in aero-engine construction as well as being of first-class 
importance in the production of forgings, both large and 
small, from which good transverse tests are required. In 
spite of the prominence which the subject of freedom from 
non-metallic inclusions has attained in the minds of 
metallurgists and engineers, a satisfactory method of 
obtaining a number representing the content of micro- 
scopically visible inclusions in a given steel, which is 
sufficiently accurate and reproducible by different observers 
to justify use for specification purposes as an acceptance 
test, has not yet been evolved. Methods of inclusion 
counts have been proposed which allot arbitrary numbers 
to certain groupings and types of inclusions as they appear 
through a microscope at some standard magnification ; 
observations at different parts of a micro-section, cut in a 
definite way from a bar of standard size, are then sum- 
marised by strictly defined systems of counting. The 
results so obtained have been of considerable value in 
enabling steelworks’ metallurgists to control and improve 
the products of their own works. No method yet proposed 
has won universal approval, however, nor is it certain that 
any of them is sufficiently exact, as mentioned above, to be 
used for specification purposes. This, however, is not 
altogether surprising in view of the obvious difficulties of 
assessing the relative effects of different types of inclusions, 
having different shapes and sizes and occurring in a more 
or less irregular distribution at different positions in 
sections taken from edge to centre from bars of standard 
size, but which may have been rolled from ingots of quite 
widely varying size. However, although one hears less 
nowadays about specified maximum “ inclusion counts ” 
than a year or two ago, the production of clean steel has 
not suffered thereby, nor is there generally serious disagree- 
ment between metallurgists in steel works and those in the 
engineering industry as to whether individual casts should 
be graded as clean or otherwise. 


Stainless and Heat-Resisting Steels 

The past year or two has seen no striking developments 
in the commercial use of stainless and heat-resisting steols, 
though improvements in detail have occurred in some, at 
least, of the types of these steels which are in general use. 
Perhaps the chief modification in composition and structure 
which has attained some degree of prominence is in con- 
nection with the production of steel with better machining 
properties, judged from the point of view of rapid 
production of parts in automatic or semi-automatic 
machines. Such improved machinability has been obtained 
either by increasing sulphur content, as in the production 
of ordinary free machining carbon steels, or by adding an 
equivalent amount of selenium. If increased sulphur 
content is the method employed, suitable amounts of 
molybdenum or zirconium are often added as well in order 
to produce the corresponding sulphides. 

Whichever method is employed, the result is the forma- 
tion of a large number of non-metallic inclusions in the 
steel, and it should be remembered that, whatever advan- 
tages may thereby accrue in machinability, the presence of 
these inclusions cannot be an unmixed blessing, otherwise 
the drive for * clean steel * for aircraft and other purposes 
would obviously lose its point. In the case of corrosivon- 
resisting steels, an added complication may arise in regard 
to their response to corrosive attack, because the latter !s 
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governed very largely by the continuity and permanence of 

the passive film which normally covers their surface. It 
seems probable that the presence of large numbers of non- 
metallie inclusions, be they sulphides or selenides, will 
provide so many more weak spots in this passive film, and 
hence make the steel more liable to attack by pitting. In 
certain applications, this possibility may be remote, and 
the use of these’ freecutting steels justified from the point 
of view of reducing the time and cost of machining opera- 
tions. Thus, it is a fact that the production in large 
numbers of certain essential details of our war machine has 
been materially facilitated by the use of these freecutting 
stainless steels, with no detrimental effects on efficiency,— 
but in other cases, the potential reduction of corrosion 
resistance due to the inclusions may be a heavy price to 
pay for ease of machining. It is at least a matter which 
should be carefully considered by those to whom the 
improved machinability is an attraction. 

As regards steels possessing resistance to scaling at high 
temperatures, the high-chromium steels, whether of the 
“ martensitic ’ or “ ferritic ” types, continue to serve many 
useful purposes. Where greater strength at a red heat 
than these steels possess is necessary, the austenitic 
chromium-nickel steels, with or without additions of other 
metals, such as silicon or tungsten, are generally selected. 
Their actual composition varies, of course, with the con- 
ditions of use which they have to meet, and while some of 
them are wholly austenitic others possess a markedly 
duplex structure of austenite and ferrite as a result of a 
high content of chromium, silicon, tungsten, aluminium 
or other metals which tend to restrict the gamma field, 
and a relatively low-nickel content. Some of these duplex 
steels become brittle on heating for longer or shorter 
periods at moderate temperatures—e.g., 500° to 800° C.— 
the cause being very probably transformation at these 
temperatures of some or all of the ferrite to the sigma phase. 
The structure of this peculiar phase, which is hard, very 
brittle, and non-magnetic, is still unknown, and full 
information regarding the ranges of composition in which 
it may form is also lacking, but enough data are available 
to indicate approximately certain ranges of composition, 
in which pronounced embrittlement may take place under 
temperature conditions which frequently occur in service.* 
The most important feature would appear to be that the 
sigma phase is formed from ferrite and not from austenite, 
hence it may reasonably be expected that steels which are 
fully austenitic will not suffer from sigma formation. On 
the other hand, one should look with some suspicion on 
heat-resisting steels, which are mainly austenitic in 
character, but contain also an appreciable amount of 
ferrite in their structure—due, for example, to a chromium 
content well over 18 or 20°, or to the addition of one or 
more strong ferrite-forming elements to an austenitic steel 
having approximately this chromium content, in both cases 
without a corresponding increase in nickel, until it is shown 
that such steels do not seriously embrittle when held at a 
dull rect heat. 

The very large consumption of stainless and_heat- 
resistiny steels for war purposes has made heavy demands 
on th supply of the alloys used in their manutacture, 
particularly low-carbon ferro-chrome, and hence it is 
desiral|- that the latter alloy should not be used in need- 


lessly large amounts—i.e., that the chromium content of 
the stc«!s should not be higher than is really necessary for 
the purposes for which they are required. Probably this is 
general! the case, but the possibility of more economical 
se seciis evident in some of the purposes for which the 
austen chromium-nickel steels are frequently selected. 
Custom: over a period or some years has generally called 
for a «:uposition of about 18°, chromium and 8°, nickel 
in thes: \ustenitie steels. There is, of course, a relationship 
between the amounts of these two alloys which must be 
added | the steel in order to obtain a stable austenitic 
structu: - which will not work-harden at too high a rate, and 
hence thin somewhat narrow limits, nickel may replace 
seen ; mary of these data see METALLURGIA, Mareh, 1940, p, 143, and July, 
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chromium and vice versa. Actually, ease of working is 
facilitated by lowering chromium to 15°, or so and in- 


creasing nickel a corresponding amount; and no appre- 
ciable difference in resistance to many corrosive media 
can be found between steel of such composition and the 
customary “18/8” type. During the past few years any 
incentive to produce such modifications in composition 
has been checked by the high cost of nickel, but, under 
present conditions, this is less important than effective use 
of available raw materials. There are many purposes 
including some of war-time importance, for which a 
chromium content of 14 to 16°, combined with some 10 
or 11°, of nickel provides ample corrosion resistance, and, 
incidentally, greater ease in working than the customary 
* 18/8” steel. The use of the latter in the past has fre- 
quently been dictated mainly by the fact that it was a 
more or less standard steel, readily available, and not 
because it was necessarily the best composition for all 
purposes. The writer would suggest that a more effective 
use of low-carbon ferro-chrome would result from a wider 
application of the lower chromium higher nickel steel. 


Making High Grade Steels 


HE term quality is frequently applied to steels 

irrespective of their grade. It however, 

essentially a relative term, and should only be 
applied when the steel is to be used for purposes for which 
it is intended. It is well known that specifications vary 
considerably, each being designed to meet a certain specified 
field, and even what might be termed the commoner 
grades of steel may be termed quality steels, providing 
they satisfy requirements in their particular sphere. 
The trend in modern manufacture is towards improved 
quality in each grade, particularly is this true of those 
steels upon which much forging work is necessary, and 
which are required to pass very stringent tests. Such 
steels are invariably expected to satisfy these tests after 
forging and heat-treatment, and as the operations involve 
much costly work it is important that the quality of the 
steels is of a high order. It is for this reason that high- 
grade steels are produced which have superior mechanical 
properties and are capable of giving greater reliability 
and increased service. 

It is recognised that improved quality is one of the 
primary factors in satisfying the needs of modern engineer- 
ing, and there is an increasing demand for high-grade 
steels as distinct from the normal mass-produced steels. 
Although quality is of first importance, it will be ap- 
preciated that economy in production has some significance. 
Thus, design of furnace, the process and its control must 
be carefully considered in the light of experience and 
research in order to facilitate the production of these high- 
grade steels economically. Whatever process is adopted, 
whether by open-hearth, electric or crucible, scientific 
control of the various operations is now considered to be 
essential to success, but even with advanced methods of 
control steel manufacture is not entirely a science, and it 
is questionable whether the skill of the steelmaker will 
ever be rendered unnecessary. It is for this reason that 
accumulated experience, as well as research data, is so 
valuable in the manufacture of high-grade steels. Thus, 
such operations as making and melting the charge, finish- 
ing the bath, tapping the heat, and teeming from the 
ladle, are of vital importance, whilst the solidification of 
the metal in the moulds also has an important influence 
on the quality of the steel produced. 

The particular process adopted is largely governed by 
the type of steel manufactured and the size of ingots 
required, and for a wide range of high-grade steels the 
acid open-hearth process is the most efficient. The 
superiority of acid steel is largely due to its greater ductility 
and resistance to shock, important characteristics which 
are partly due to the care exercised in the selection of the 
charge, but more particularly to the nature and influence 
of the slag which gives a greater purity and freedom from 
oxides, 
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Metallurgical Progress in the Foundry 


in 1940 
By J. G. Pearce, M.Sc., M.I.Mech.E., F.Inst.P. 


In the main, iron foundries have been working under high pressure during the year, 
largely to meet war needs, and there has been considerable interruption of normal 


research and development work. 


In this brie 


review attention is directed to some 


work of the British Cast Iron Research Association. 


AR needs have caused considerable interruption 
to the normal progress of research and develop- 
ment in the foundry industry, as in other spheres. 


The procedure of works’ research organisations and 
laboratories and research institutions has been modified 
considerably, and of this it is at present possible to say very 
little. The following relates in particular to the work of the 
British Cast Iron Research Association, but limitations of 
time and space prevent more reference to developments 
elsewhere. 
Anti-Glare 

Before the end of 1939 the B.C.I.R.A. was officially 
approached to constitute an Anti-Glare Committee on which 
the Ministry of Home Security would be represented, for 
the purpose of assisting both the industry on the one hand 
and the authorities on the other to meet the requirements 
of the Civil Defence Act. This calls on foundries working 
in blackout periods to avoid glare and offers a grant of 50°, 
of the cost of approved schemes, the approval being 
entrusted to the B.C.1.R.A. Anti-Glare Committee, of which 
the writer is chairman. During the first year of the war 
something like 1,500 inquiries were received. A report on 
* A.R.P. for Cupola Furnaces ” was circulated to members 
of the B.C.1.R.A. before the middle of 1939, and in October 
of that year it was enlarged and issued as Special Publica- 
tion No. 4, some 2,000 copies of which were circulated. At 
that time no knowledge or experience of the problem had 
been gained, and a second report, Special Publication No. 6, 
* Anti-Glare Equipment for Cupolas,” was widely circulated 
in May, 1940, to the industry, to Government departments, 
and local authorities. Foundries now have a choice of some 
half dozen types of equipment for screening the top of a 
cupola furnace. In this work, as in other problems in which 
the cupola is concerned, it has been found necessary to 
consider each furnace and each scheme on its merits, and 
no cut-and-dried solution is practicable. At the same time, 
it is now possible to design new furnaces so that they can 
be fitted with anti-glare devices offering a reasonable 
prospect of permanence and satisfactory working. 

High-duty Cast Iron 

So far as other work is concerned, considerable attention 
has been given to the extended use of high-duty and other 
cast irons to relieve pressure on the capacity of the steel 
and non-ferrous industries. The present writer drew 
attention to the general problem in a paper to the June 
Conference of the Institute of British Foundrymen.' The 
field of extended uses was grouped into four sections—war 
and defence, the building industry, including castings 
used on, in and about buildings and civil engineering work 
generally, the engineering industry, and industries other 
than engineering consuming castings. 

Two Special Publications issued by the B.C.L.R.A., in 
addition to those mentioned above, are the following : 
“ Recommended Methods for the Hardness Testing of 
Chilled Rolls.” For some years difficulty had existed 
through a German design of rebound hardness tester giving 
higher hardness figures than the scleroscope, frequently 
used in this country and in U.S.A., and itself capable of 
considerable improvement. Another report, following on 
several years of work by the B.C.1.R.A. Pig lron Sub- 
Committee, and issued just before the war, was an elaborate 


“ Extended Uses of Cast iron, with Special Reference to War 
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Conditions.” (Institute of British Foundrymen,) 
vol, 62, June 13, pp. 437-438, 


pig-iron grading scheme for hot-blast, cold-blast, hematite. 
and basic pig irons, and both white and grey refined pig 
irons. 

Vitreous Enamelling 

A section of the industry making enormous progress 
immediately before the war was that devoted to vitreous 
enamelling and technical developments in this field are 
supervised by the Joint Committee on Vitreous Enamelling 
of the B.C.I.R.A. and the Institution of Vitreous Enamellers, 
This Joint Committee issued an elaborate bibliography on 
vitreous enamelling, and a glossary of terms used in the 
industry. In addition, following experimental work, a 
** Recommended Method for Testing the Acid Resistance of 
Vitreous Enamel *? was evolved, and this has recently been 
extended to cover tests on production work in the enamel- 
ling shop. 

The machinability of cast iron is a property very much 
to the fore at the present time, and A. A. Timmins has 
shown® that annealing to decompose pearlite, such as is 
found in cast iron in the as-cast state, to the more easily 
machined ferrite, is easily accomplished at temperatures 
below the critical point, and the nearer the annealing 
temperature is to the critical point, the quicker is the 
annealing accomplished. If temperatures above the 
critical point are used, a slow rate of cooling after annealing 
is essential. 

Cast Crankshafts 

One of the most striking developments in recent years, 
now making considerable progress, is that of the cast 
crankshaft, and A. J. N. Smith‘ has given an account of the 
production methods and types of material used. This 
development, primarily undertaken for the automobile 
engine, is now spreading to the oil engine. The extent and 
importance of applications of cast iron in modern auto- 
mobile construction has been dealt with in a very interesting 
paper by E. C. Toghill and R. V. Dowle,’ and it is clear that 
modern cast irons are used in these applications, not because 
the material is cheap, but because its particular properties 
make them uniquely suitable for the purposes for which 
they are used. R. C. Shepherd® has also given an account 
of castings used in oil-engine production. 

The problem of non-metallic inclusions in cast iron is not 
only important on account of the effect these inclusions 
have on properties, but has a great theoretical interest in 
view of the possible connection between these inclusions 
and the formation of graphite. Much work has been done 
recently, notably by E. Taylor Austin, on the chemical 
methods of determining inclusions. A lengthy report is 
about to be issued by the Iron and Steel Institute by H. 
Morrogh, dealing exhaustively with inclusions as seen 
under the microscope, and with their description and 
identification. The divergence between the results of the 
two methods of approach offers one of the most interesting 
problems of the immediate future for solution. 
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The Metallography of Inclusions in Cast 
Irons and Pig Irons 


The metallography of small particles in the microstructure of cast iron has been studied 
and a@ preliminary scheme of their classification developed. Throughout, these particles 
are referred to as “* inclusions,” but it is suggested that they should be termed ** minor 


phases.” 


Using this classification, the various inclusions are considered and results 


are given of experiments carried out to elucidate the nature and mode of occurrence of 
these particles. 


ing inclusions, but they are generally considered 

as something inferior in relation to the metal. 
Inclusions are present in all commercial metals to some 
extent, although often in very small quantities. There has 
been considerable discussion on the effect of inclusions in 
cast iron, and theories have been put forward implying 
that these inclusions exert effects on the structural 
characteristics of this alloy. The terms “ non-metallic 
inclusion” and “slag inclusion” are more specific in 
themselves, but throughout the literature both have been 
used very loosely. The word inclusion is used in a paper* 
by Mr. H. Morrogh, of the British Cast lron Research 
Association, not because it is a good one, but rather for 
lack of a better one, and because it is the commonly 
accepted word for these minor structural constituents. 

A large number of isolated researches have been carried 
out which are concerned directly and indirectly with 
inclusions in steels and cast irons ; these are considered and 
correlated, wherever possible, with results obtained by the 
routine microscopic examination of cast irons over a 
number of years. Of considerable interest is a preliminary 
scheme of classification for inclusions in cast irons and pig 
irons, which the author has developed. Using these 
classifications the various inclusions are considered under 
appropriate headings. Results are incorporated of various 
experiments which have been carried out to elucidate the 
nature and mode of occurrence of these particles. 


M in: and varied are the opinions expressed regard- 


Preliminary Scheme of Classification 


From the points of view of their colour, morphology and 
chemical constitution, the inherent inclusions in cast irons 
and pig irons may be classified arbitrarily into a few groups. 
Such a classification is given below; this was actually 
drawn up before any experimental work had been done, 
which subsequently indicated that inclusions in different 
groups in the present classification might be grouped 
together solely according to chemical constitution. How- 
ever, it has been used because it provided the basis on 
which the constitution and mode of formation of the 
inclusions were investigated. It is realised that the 
classification does not, in itself, solve the ultimate identity 
of the inclusions concerned. 

Group I.—Manganese sulphide, iron sulphide and 
composite inclusions of these two. 
Group I1.—Pink Inclusions : 
(a) Red-pink and idiomorphic. 
(b) Blue-pink and allotriomorphic. 
(c) Blue-pink and idiomorphic. 
(roup I1I.—White or faint grey inclusions : 
(a) Idiomorphic. 
(b) Allotriomorphic. 


IV.—Inclusions produced by alloying with 

onium. 

“roup V.—Inclusions produced by alloying with 
uminium. 


Gro'p I.—Manganese Sulphide, Iron Sulphide and 
Composite Inclusions of these Two. 
It i: convenient to deal, in this section, with both iron 
sulp! and manganese sulphide. These inclusions are 
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very well known, and it is generally recognised that the 
dove-grey idiomorphic inclusions in cast irons are man- 
ganese sulphide, and that the khaki-coloured inclusions, 
present in irons having low manganese contents, are iron 
sulphide. In commercial materials the effects of man- 
ganese and sulphur are intimately connected. Information 
regarding these inclusions is to be found in three lines of 
investigation :— 

mode of 


(a) Descriptive metallography of the 


occurrence of the inclusions ; 

(6) Study of systems relevant to these inclusions, for 
instance, the systems Fe—S,FeS—MnS, Fe—FeS-MnS-—Mn, 
Fe-S-C, Fe-S-P, ete. ; 

(c) Consideration of the facts known about the 
desulphurising action of manganese. 

Much purely metallographic work has been done on 
manganese and iron sulphide inclusions, equilibrium 
diagrams pertaining to systems connected with them 
have been extensively investigated, and many investiga- 
tions have been performed and much theory has been 
propounded on the desulphurising action of manganese. 

In irons which are completely free from manganese, the 
sulphur is in the form of iron sulphide (FeS). Additions of 
manganese to such irons result in the disappearance of iron 
sulphide, owing to the formation of manganese sulphide. 
The reaction may be represented by the following 
equation :— 

FeS + Mn = Mn8S + Fe. 

In order to neutralise all the sulphur as manganese 
sulphide, it is necessary to have an excess of manganese 
over the theoretical percentage indicated by the formula 
(Mn8S). This fact is due to the reversibility of the reaction, 
as was originally suggested by Baykoff, and confirmed 
experimentally by Herty and True :— 

FeS + Mn = MnS + Fe. 


in irons (or steels) containing insufficient manganese to 
neutralise the sulphur entirely as manganese sulphide, the 
dove-grey manganese sulphide occurs associated with the 
khaki iron sulphide in the form of duplex inclusions. 

From a review of the literature on the mode of occurrence 
of manganese sulphide and on the desulphurisation of iron 
by manganese, which is given in the paper, the following 
facts emerge : Manganese sulphide is only slightly soluble 
in molten cast iron, the solubility increasing with increasing 
temperature. At any given temperature, any excess man- 
ganese sulphide will tend to rise and segregate at the surface 
of the molten metal. On cooling from such a specified 
temperature, the dissolved manganese sulphide will be 
deposited in a dendritic form. ‘These points are entirely 
confirmed by the observed morphology of manganese 
sulphide in cast irons. 

In cast irons poured at fairly low temperatures 
( < 1,350° C.), manganese sulphide occurs in typical com- 
pact idiomorphic crystals, whereas in irons poured at high 
temperatures (> 1,400° C.) the manganese sulphide tends 
to occur in recognisable dendritic forms in the case of 
high-sulphur irons and as “ anchor-shaped”’ crystals in 
low-sulphur irons. 

The effect of pouring temperature on the morphology of 
manganese sulphide is discussed, and it is stated that the 
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fact that manganese sulphide exhibits the same morpho- 
logical changes with decreasing pouring temperature as do 
the primary metallic dendrites, supports the view that 
manganese sulphide is soluble in molten cast iron, from 
which it is deposited in the solid form as cooling proceeds. 

A study of malleable iron samples has revealed that at 
least two different forms of temper carbon nodules can 
exist. Generally speaking, the temper carbon appearing in 
whiteheart malleable iron is in a compact spherulitic form. 
In blackheart malleable irons the temper carbon generally 
exists as an aggregation of small graphite plates. The real 
cause of the two different types of temper carbon nodule is 
the fact that, in general, whiteheart malleable irons con- 
tain iron sulphide, and blackheart malleable irons contain 
only manganese sulphide. 

Group 11.—Pink Inclusions. 

This group comprises the inclusions usually referred to 
in the literature as titanium cyano-nitrides. These occur in 
nearly all cast irons in the form of small cubes. They are 
considerably harder than the metallic matrix, and tend, 
usually, to stand up in appreciable relief. Whether viewed 
under dry or immersion objectives, they present brilliant 
surfaces. With regard to the occurrence of this constituent, 
it can be said that in cast irons it shows a marked tendency 
to occur associated with manganese sulphide in the extra- 
dendritic regions of the structure. This may be due to the 
fact that it forms from the melt in a similar manner to 
manganese sulphide. The colour of titanium cyano- 
nitrides in cast iron vary in colour from deep salmon-pink to 
very faint pink. It is significant to note that the faint-pink 
eyano-nitrides usually occur with relatively high titanium 
contents and consequently with relatively large amounts of 
titanium carbide. 

A blue-pink inclusion has been observed in various cast 
irons containing titanium and insufficient manganese to 
neutralise all the sulphur as manganese sulphide. This 
constituent has been prepared in a number of melts and 
shown to be probably titanium sulphide. Two forms of the 
titanium sulphide inclusion occur, one allotriomorphic and 
one idiomorphic. The complicated optical properties of this 
inclusion, as revealed by the metallurgical polarising micro- 
scope, are described in detail. 

Group I1l.—White and Faint-grey Inclusions. 

‘The inclusions belonging to these sub-groups appear in 
all titani-ferrous irons and in irons containing vanadium. 
Usually, titanium carbide occurs in the form of cubic 
crystals, but occasionally it occurs in an allotriomorphic 
form. The latter occurring more frequently in titani- 
ferrous irons containing very small amounts of vanadium. 
Both titanium carbide and vanadium carbide have cubic 
erystal structures, and in irons containing both titanium 
and vanadium these two carbides appear to  crystallise 
isomorphously or to yield solid solutions. 

The effects of test-bar diameter and titanium content on 
the number of titanium carbide and titanium cyano- 
nitride crystals have been determined by means of inclusion 
counts. An attempt was made to determine whether the 
solubility of titanium carbide in austenite could be detected 
by the inclusion count method. 

Tnelusions Produced by Alloying with 
Zirconium, 

The effect of zirconium additions in amounts up to about 
0-5°,, was studied. It was found that additions of 0-04°, 
have no effect on the inclusions present in a titani-ferous 
cast iron. Additions of zireonium above 0-04°,, result in 
the appearance of a lamellar orange-vellow to grey inclusion 
which completely replaces the manganese sulphide at 
0-09°., zirconium. At 0-13°,, zirconium, small erystals, 
blue-grey in colour and cubic in outline, are formed. ‘These 
are probably zirconium carbide. ‘They gradually increase 
in number with increasing zirconium content. With 0-15°,, 
zirconium, the lamellar orange-vellow to grey inclusions 
become replaced by the polygonal form of the same phase 
until, at 0-25°,, zirconium, the lameilar form has com- 
pletely disappeared. With 0-25°, zirconium, the titanium 
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carbide begins to be replaced by a slightly softer pinkis! 
constituent which is probably a complex titanium-zirconiun 
sulphide. At 0-29°,, zirconium all the titanium carbicd 
in the series studied was replaced by this new phase. 
Group V.—Inclusions Produced by Alloying with 
Aluminium. 

Several sets of irons with aluminium contents ranging 
from 0 to 10°,, were examined. These irons all contained 
enough manganese to balance the sulphur contents. Thy 
actual manganese contents ranged from 0-45°,, to 0-75' 
and the sulphur contents were all below 0-05°,. In all th: 
series examined, the same changes in the inclusions occurred 
with increases in aluminium content. Up to about 2° 
of aluminium the only inclusions present in these serics 
were normal idiomorphic manganese sulphide crystals. 
From 2°,, to 3-7°,, of aluminium the manganese sulphide 
crystals appeared to become much softer and were easily 
damaged during the polishing operation. Nevertheless, 
they still retained their characteristic idiomorphic outline. 
With aluminium contents above 4°, the idiomorphic 
manganese sulphide was replaced by a phase of a similar 
colour, but which was always perfectly spherical in outline. 
From 4°, to 10°, of aluminium the spheroids became 
larger and softer, being at the same time proportionally 
more difficult to polish. These spheroidal inclusions were 
optically isotropic and exhibited translucency effects similar 
to those of manganese sulphide. 


Conclusion 


Throughout this paper the small particles in the micro- 
structure of cast iron are referred to as * inclusions.” 
There appears to be a fairly general agreement that the 
terms “inclusion,” “slag inclusion,” and non-metallic 
inclusion ” are not very satisfactory for the collective 
description of these particles. Nevertheless, this has not 
prevented a liberal use of the terms, and the literature of 
ferrous physical metallurgy demonstrates a chaos of ideas 
on the subject, brought about in the first place by the lack 
of enforcement of exacting definition. In quite a large 
number of references, the particles are dealt with as a 
separate group of constituents entirely different from the 
major phases of the metallic matrix, with the implication 
that they are insoluble in either the solid or the liquid metal. 
In some extreme cases “inclusions ’’ have, by analogy, 
been endowed with a misleading biological significance. 

The chemical determination of oxides and. silicates in 
steels and cast irons has proceeded apace in the last few 
years, and quite frequently this branch of activity is referred 
to as the analysis of non-metallic inclusions, ete. ‘Thus 
there are two points of view on the question which are now 
actively developing—the chemical and the metallographical. 
At this point the question arives ; Are the chemist and the 
metallographist talking about the same thing ? In the case 
of steel, these two lines of investigation are probably 
correlative, but in the case of ordinary cast irons this is 
not so at the moment. The only “inclusions ” seen in 
ordinary cast irons are manganese sulphide, titanium 
carbide, titanium cyano-nitride and perhaps iron sulphide. 
So far, the metallographist has not been able to detect 
oxides or silicates of iron, manganese or aluminium in 
ordinary commercial materials. From the point of view 
of the microscope, they do not exist, are completely soluble 
in the metal, or exist in such a finely divided form that they 
are net resolved. It is seen that the chemist and the 
metallographist have been tempted to ure the same group 
of words to describe what are very different constituent= 
different in chemical composition, in mode of distribution 
and in order of size. 

Pertevin and Castro have pointed out that the term 
* inclusion ” connotes a substance essentially foreign to the 
constitution of the alloy, perhaps detrin ental to it, and 
more or less insoluble in the metal. With regard to such 


constituents as mechanically trapped furnace slag and 
moulding sand, it is obvious that the term * inclusion 
[Continued on page 40 
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Development of Low-alloyed 
High-speed Steel 


By D. W. Rudorff, A.A.I.E.E., F.R.S.A., M.Inst.F. 


Research work on high-speed steels has been intensified during the past year or two, not only to 
improve their capacity for service, but with a view to modifying the compositions to enable the 


greater use of alloying elements more readily available. 


This article deals more particularly 


with some recent developments in Russia, in which high-chromium steel is alloyed with tungsten, 
molybdenum and vanadium. 


speed steels has been tungsten and, in addition to 

carbon, manganese and silicon, chromium, vanadium, 
molybdenum, and cobalt are further constituents that may 
be present, usually, however, chromium is present with 
tungsten. None of the recognised compositions appears 
to be successful in combining all the desirable properties 
so as to create the ideal material for all applications of 
cutting. Research is continuously in progress in order to 
approach more nearly the ideal material, but difficulties 
encountered in obtaining adequate supplies of certain 
alloying elements has directed attention to the development 
of new high-speed steels, and much progress has been 
achieved and reference to work carried out in Russia will 
be of interest. 

A recently published report* by Prof. H. A. Minkevitch 
and O. 8S. Ivanov, of the Moscow Steel Institute, is con- 
cerned with the development of new types of high-speed 
tool steels in Russia. Convinced that only through the 
alloying of high-chromium steel with tungsten, molybdenum 
and vanadium is it possible to obtain a tool steel possessir g 
great red-hardness, these investigators focused their 
attention upon the development of a high-chromium steel 
with lower content of tungsten and molybdenum than is 
encountered in the usual types of high-tungsten and high- 
molybdenum tool steels. 

The graph reproduced in Fig. | shows secondary hardness 
versus temperature of various steels studied by the investi- 
gators in the earlier stages of their work. According to 
Table I, these steels were of the high-chromium-high-carbon 
type alloyed with tungsten and vanadium, or molybdenum 
and vanadium. This tabulation also contains the com- 
position of a standard high-tungsten steel. 


F: many years the main alloying constituent in high- 


Cc Cr Mo, | Ww Vv, 
o | o o o 
Steel 627...) 0-97 | 10:2 | 3-71 | 1-0 
708 0-81 8-67 | 2-5 0-78 
an 0-81 7-32 2-62 0-99 
0-92 | 9-0 1-7 1-0 
FRI. | 0-68-0-8 | 3-8-4-6 | 0-3 17-5-19-0 | 1-0-1-4 


As was to be expected, the proposed new steels proved 
to be somewhat inferior in resistance against softening in 
comparison with that of the high-tungsten steel F.R.I. This 
stave of research, however, resulted in the development 
an subsequent industrial application of two high-chromium 
hig!) carbon steels. These steels, developed jointly by H. A. 
Minkeviteh, V. S. Viladislov, and O. S. Ivanov, are 
desivnated E.1.173 and E.1. 184. Their composition is 
giv. in Table IV. It must be mentioned that at an earlier 
dat (in 1935) two high-carbon high-chromium steels 
cor sining 1-5-1-8°%, silicon, in addition to vanadium, had 
bec. proposed by 8. A. Kosev, A. N. Hosan, and M. B. 
Reo k. The of these two steels, designated 
E.) |16 ana E.1. 172, are likewise included in Table IV. 

| sarding the actual production of the steels mentioned 


Dr. H. *New Low- alloyed High- 


Cool Steels,” 


A. Minkeviteh and O. 3. Ivanov. 
Metallurg, No. 1, 1940, pp. 31-46, 


Fig. 1. 
Secondary 
hardness of 
high - chrom- 
steels 
alloyed with 
small percent- 
ages of tung- 
sten and vana- 
dium or 
molybdenum 
and vanadium. 


ROCKWELL 


‘TEMPERING ‘TEMPERATURE, C. 

Continuous lines: CQuenched in oil. 

Broken lines : Immersed in liquid air after quenching in cil, 
so far, it is interesting to note that according to authorita- 
tive estimate, the output in 1939 of low-alloy tool steels 
in Russia was made up as follows :—Steel E.1. 184 : 55%, 
E.1. 172 : 161: 15°,. The production of these 
steels, their physical characteristics with various heat- 
treatments, and their resistance to softening in various 
services, have been discussed at length in Russian metal- 
lurgical literature. Here it will be sufficient to requote 
a few data concerning the cutting properties of steels 
E.I. 172 and E.1. 184, as compared with the standard high- 
tungsten steels R.F. Ll. and R. 

When plotting the v — f(T) characteristics of these 
steels on a logarithmic base, these are represented by 
straight lines of various slopes, the slope being greatest in 
the case of steel E.1. 172, somewhat less steep for steel 
E.L. 184, and smallest for steels R. and R.F. 1. This fact 
signifies, of course, that the increase in temperature of the 
cutting edge with augmented cutting speed, affects the tool 
life with steel E.1. 172 to a higher degree than that with 
steel E.I. 184, while the latter is in turn more affected than 
the tool life of steels R. or R.F. 1. Or, in other words, the 
red hardness of steel E.1. 172 is smaller than that of steel 


Fig. 2.—-Infiuence of quenching temperature upon 
hardness and amount of residual austenite. 
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E.1. 184, while the red hardness of the latter is in turn 
inferior to that of steel R. or R.F. I. 

Expressed in output per cutting edge, that of steel 
E.1. 184 is on the average 90°, and that of steel E.I, 172 
is 85-80°,, of the output obtainable with the standard 
high-tungsten steels. But under very severe conditions 
these percentages are likely to decrease further. The tool 
life of the two mill cutters made with E.1. 184 and E.1. 172 
respectively, as compared in Table II, establishes clearly 
the superiority of steel E.1. 184. Incidentally, the difference 
between the wearing qualities of the two mill cutters 
becomes still more pronounced as cutting conditions are 
increased in severity. This fact is particularly evidenced 
by the characteristics of drills made of these materials. In 
view of these facts, steels E.1, 184 and E.1. 172 could by 
no means be considered satisfactory substitutes for high- 
tungsten steel. It is also mentioned that the forging 
qualities of these two steels are rather poor. 

At the end of 1937, the programme of the Moscow Steel 
Institute was enlarged, in so far as the problem of replacing 
vanadium and tungsten by titanium and molybdenum was 
included in the task of finding a substitute for high-tungsten 
steel. Increased emphasis was also laid on the demand that 
any such substitute steel must be simple to produce. Ina 
first series of investigations the following six steels were 
tried out : 
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varied from 1,150° to 950°C. The best forging qualitie: 
were found to obtain in the case of steel 1300. Steel 732 
also forged well, but the other steels gave poor results. 
Immediately after forging, the 42 x 42 mm. bars obtained 
were subjected to heating at 800—750° C. for 2 hours. They 
were then cleaned and rolled into rods of 25 mm. diameter. 
which were cooled in pits. No defects due to rolling were 
observed. The phosphorus and sulphur distribution was 
found to be uniform throughout the material. 
TABLE II. 
Wear ENpuRANCE OF WorM GEAR CUTTERS. 

Material cut : Chrome-nickel steel of 215 Brinell hardness. 

Cutting speed 30-4 min. 

Depth of cut : 4-3 mm. 

Cooling medium : Machine oil. 


Wear endurance : With steel 4: 1 hour 30 mins. 


The critical points were obtained with the Chevenard 
method. The test-piece was heated to 1,175° C. with a 
heating speed of 16° C. per min., followed by cooling in air 
of room temperature. It was found that point Ac, lay 
within a comparatively wide temperature range. The 
critical points of all six steels investigated are included in 
Table III. Inall these steels, the transformation of austenite 
into eutectoid was found to occur in the range from 750 
to 800°C. 


TABLE III. 


Point Ac,, Point Ar,, After 
Steel Cr. Mo. W. Ti. Si. Mn. Cc. _ Heating 
No. to 
732 0-78 7°72 3-67 1-21 0-45 0-54 | 870/920 800,760 960 
1300 1-40 3°76 2-21 0-38 0-13 840/880 800750 910 
ol 0-76 2-02 1-28 0-42 0-42 825 880 790,770 930 
1302 9°77 3:7 0-36 0-22 835, 900 780/750 930 
1303 1-a2 10-02 86 1-25 0-38 0-32 S10. 860 760 710 930 
1304 1-08 9-72 0-22 0-92 0-42 0-28 S00) 860 780 740 930 
As the investigators point out in their report, a com- The influence of the hardening temperature upon the 
parative study of steels 732 and 1303 permits clarification microstructure, upon the amount of residual austenite, and 
of the influence of the height of the chromium content; upon the hardness, were investigated on test-pieces 
while a comparison of steels 1303 and L301 sheds light upon measuring 10 10 30 mm. Heating was carried out ina 
the influence of the molybdenum percentage. Finally, a barium chloride bath, the heating time being 5 mins, 
comparison of steels 1303 and 1302 is apt to show the effect Quenching was done in mineral oil. Three samples were 
of the substitution of vanadium by titanium, and this tested at each heating temperature. After hardening, one 
applics also to steel 1304, which can be used to establish of these pieces was submerged in liquid air. The amount 
the effect brought about by largely replacing vanadium — of residual austenite was obtained by the magnetic method. 
by titanium in steel E.1. 184. This is, however, somewhat inaccurate, and the results 
The steels were produced in a high-frequency laboratory reported in Fig. 2 are therefore about 1-3°,, too low. The 
furnace at the Electrostal Works. From each heat an latter graph also includes a record of hardness versus 
ingot of about 50 kilogs. was cast. The forging temperatures tempering temperature. A comparison of the percentages 
rABLE IN, 
Constituents Trans Optimum Residual Thar. dn Tempering Number) Hardness 
Steel formation Hardening Austenite ifter Pemp. ot itter 
Quenching Tempers, Tempering 
‘ Mi Ww, \ si Mn ‘ Ke. 
17 2.5 1-1 bet < ued lite Ho | he 
‘ 1-4 14 i-2 
Mas | 226 | <0 
Mo-Max SO i : 7 


: 
= 
‘ 
* Plus 0-5-0-4% Ti 
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STEEL 732, QUENCHED FROM 1,180° C. 


STEEL 1300, QUENCHED FROM 1,240° C, STEEL 1303, QUENCHED FROM 1,160° C. 


HLARDNESS, 


ROCKWELL, ¢ 


‘TEMPERING TEMPERATURE, C. 


Fig. 3.—Secondary hardness and amount of residual austenite. 
of Steels 732, 1300, 1301, 1302, 1303 and 1304 when quenched in oil 
from optimum temperature at different drawing temperatures. 


Continuous lines: Hardness in Rockicell C units. Broken lines: residual austenite. 


of residual austenite in steel 732 and 1303 shows that the 
increase in chromium content from 7-7 to 10-0°%, is 
accompanied by an increase in residual austenite. Lowering 
the molybdenum content from 3-86°, in the case of steel 
1303 to 2-02°, as carried out in steel 1301, results in a 
decrease in the amount of residual austenite. The sub- 
stitution of vanadium by titanium as carried out in steel 
1304, as compared to steel 1303, is seen to have the result 
that already with the comparatively low hardening tempera- 
ture of 1,160° C., when quenching in oil, the steel retains 
its purely austenitic composition. In this connection it is 
of interest to note that steel E.I. 184 (see Table IV) has a 
residual austenitic content of 60°, when quenched in oil 
from 1,200° C. 

With regard to residual austenite content, Fig. 2 shows 
the characteristics of steel 1300 to be outstanding, as in 
this steel the residual austenite amounts to only 25-32%, 
this percentage varying but little with the hardening 
temperature. This is due to its small chromium content of 
4:49°,, and its comparatively high-vanadium content of 
2-21°,. Concerning the microstructure of steel 1300, it is 
reported that with all hardening temperatures, a_fine- 


Fig. 4. Influence of drawing temperature upon hardness 
and amount of residual austenite of steel 1300, with oil 
quenching from 1,200°, 1,220, and 1,240° C. 
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STEEL 1302, QUENCHED FROM 1,110° C. 


AUSTENITE. 


RESIDUAL 


TOOL LIFE IN MINUTES. 


CUTTING SPEED IN M/MIN, 


Fig. 5.—Tool life v. cutting speed of steels 
1300, 1301, 1302, E.1.184,andR.F.1. Width 
of cut 3 mm., feed rate 0.4 mm. per revolu- 
tion. Cutting edge: @= 90°, 12°, y=15°, 
ae=a'=6°, R=1.5 .mm 


needled martensite is obtained, and the microstructure is 
said to be remindful of a typical high-tungsten high- — 
steel. This is in contrast with the steels 732, 1301, 1302, 
1303, and 1304, which were found to contain rather coarse- 
needled martensite plus coarse austenite. Drawing temper 
of one and the same sample at gradually increased tempera- 
ture, enabled the establishment of the temperature interval 
of drawing versus (secondary) hardness. The time of 
drawing at each temperature was | hour. 

In Fig. 3 are shown both hardness and percentage of 
residual austenite as function of the drawing temperature 
in the case of quenching from the optimum temperature of 
the six steels investigated. It is seen that steel 732, after 
quenching from 1,180°C. and drawing at 560-600° C., 
gives a hardness of 63-5-62-5 Rockwell C. After three 
times drawing at 560°, 570°, and 580° C, for | hour duration 
each time, a hardness of 65 Rockwell C. was found. 

Steel 1300 behaves differently in so far as transformation 
of the residual austenite into martensite takes place after 
drawing at considerably Jower temperature. Referring to 
Fig. 4, it is seen that test-pieces quenched from 1,200°- 
1,240° C. contain almost no residual austenite when drawn 
at temperatures above 520°C. Another outstanding 
feature of this steel is the high stability of its martensite 
against repeated heating. In spite of the fact that with a 
drawing temperature of 520° C. the residual austenite is 
practically insignificant and repeated drawing cannot 
therefore increase the hardness, the hardness of this steel 
remains high, even after drawing at 620°C. Thus the 
steel permits of a wide interval of heating for hardening, 
extending from 1,200°-1,240° C. with a high secondary 
hardness from 62-63 Rockwell C. 

In another series of tests, conducted with a view to 
ascertaining the stability of the various steels against 
softening, the samples were hardened by quenching in oil 
from optimum temperature followed by immersion in liquid 
air, thus transforming a considerable portion of the residual 
austenite into martensite. By observing the change in 
hardness with varying drawing temperatures, it was thus 
possible to estimate the stability of the material. Judged 
by their stability, the steels range as follows (from high 
to low): Steel 1300, 1303, 1301, 1302, and 1304. It is also 
stated that the stability is seen to be adversely influenced 
by the replacement of vanadium by titanium. Again, it was 


5) 
5 
STEEL 1301, QUENCHED FROM 1,246° C. STEEL 1304, QUENCHED FROM 1,120°C, * 
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found that when hardened from 1,220°-1,240° C. and 
subjected to triple drawing at 560° C. for periods of | hour 
each, the microstructure of steel 1300 consists of fine- 
needled martensite, and reminds of the microstructure of a 
high-tungsten steel. 

In Fig. 5 is charted the tool life on a logarithmic scale 
against the cutting speed for various of the steels investi- 
gated. It is seen that again steel 1300 proved to be the 
most stable, exceeding even steel R.F. 1. Up to a cutting 
speed of 31 metres per min., steel 1303 proves superior 
to steel R.F.1, while this position is reversed at higher 
speeds. The steepness of the characteristic is seen to be 
smallest with steel R.F. 1. ; it is somewhat greater for steel 
1300, while steel 1303 possesses the steepest characteristic. 
As regards the tool life at low cutting speeds, wear endur- 
ance must be considered the vital factor, while in the case 
of high speeds with strong heating of the cutting edge, the 
red hardness of the steel must be the criterion. Wear 
endurance is obviously increased with the chromium 
content, therefore cutting tools of steel 1303 containing 
10°,, chromium show high endurance at low cutting speed. 
Vice versa, highest endurance at high cutting speed 
characterises steel 1300, as this of all tested steels possesses 
highest resistance to softening. 

From the comparison of steel 1303 with steel 1301, it is 
evident that a reduction in the molybdenum content from 
4-2 to 2°, leads to a deterioration in cutting properties. 
That replacement of vanadium by titanium is of a highly 
adverse influence upon the cutting properties of a steel, is 
exemplified by a comparison of the results obtained with 
steels 1302 and 1301 respectively. This holds true in even 
greater measure, for steel 1304 (not shown in Fig. 5) in 
which the vanadium content of steel E.1. 184 is largely 
replaced by titanium 

A special series of shop tests with steels 1300, 1301, and 
1303 were also made at the Automobile Factory Stalin. 


The task consisted in the machining of a normalised 
chromium steel of 285-255 Brinell. All steels stood up 


very well at the cutting speed of 15-3-11-+7 metres per min, 
with steel 1300 giving the best results. Under conditions 
of this kind, these low alloy steels were found to offer a 
highly satisfactory substitute for the high-tungsten steel 
R.F. 1. 

Its excellent cutting properties, ease of forging, com- 
paratively low residual austenite content after hardening, 
low cost of manufacture, and complete freedom from 
tungsten, are responsible for the large scale introduction of 
steel 1300. At the Electrostal Works, this steel is manu- 
factured in a 3-5-ton electric furnace, the analysis being 
1-02% C, 5-26% Cr, 3-32%, Mo, 2°3% V, 0°31% Si, and 
0-31°,, Mn. Forging and rolling of this steel must be 
carried out between 1,130° and 950°C. After mechanical 
working, sizes over 40mm. across should be heated to 
760-780 C, for 2 hours, in order to avoid the occurrence 
of fissures. Subsequent cooling can be carried out in air. 
Softening is best done at 900°C. with subsequent cooling 
to 700° C., with a cooling rate of 30°C. per hour, or at 
constant temperature cf 760°-780° C. for 2 hours, with 
subsequent cooling in air. Where recrystallisation is not 
required, a treatment at S20°-840° C. for 2 hours is recom- 
mended, Hardening should be carried out by heating to 
1,230° plus or minus 10° C., and quenching in oil ; but for 
large tools of complicated shape, heating in potassium 
nitrate is recommended. The steel should be held at the 
hardening temperature for about the same length of time 
as usually employed witl high-tungsten steel. After 
hardening, the hardness should be 60-63 Rockwell C, 
while the amount of residual austenite should approximate 
30°,. Drawing must be done for | hour at 560° plus or 
minus 10°C., the resultant hardness being about 64 
Rockwell C. 


SIXTEEN gold nuggets, three of which weigh between 
70 and 129 grms. (about 2} oz. and 4 0z. Troy) have been 
found by a group of prospectors at Nizhny-Tagil, in the 
Urals, while working on an abandoned goldfield. 
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The Metallography of Inclusions in Cast 

Irons and Pig Irons 
(Continued from page 42) 
is a good one, and it is still further improved by com- 
pounding—furnace-slag inclusion and moulding-sand_in- 
clusion. However, in the case of the particles described in 
this paper, it is obvious that the terminology is not al! 
that is to be desired. Perhaps with the exception of the 
cyano-nitrides, all the particles dealt with are at least 
partially soluble in molten metal at the normal pouring 
temperatures, 

Portevin and Castro have also shown how difficult it is 
to subdivide “ inclusions * into metallic and non-metallic 
groups, and they have suggested that the following 
arbitrary classification could be made :— 

Inclusions : Silicates, aluminates, oxides and sulphides. 

Metallic Constituents ; Nitrides, carbides (borides and 

perhaps phosphides). 

This grouping would be very difficult to apply to cast iron, 
since the only metallographic inclusions would be the 
sulphides. Now, the blue-pink “ inclusion ” described in 
Group II of this paper is largely titanium sulphide, but it 
probably also contains a fair amount of dissolved titanium 
carbide which is presumably a metallic constituent. In 
this context, it is interesting to note that Portevin has 
made the very important point that the idea of an impurity 
or detrimental element is entirely relative and variable, 
and it would seem possible to extend this conception to the 
term inclusion.” 

Inclusions have been stated to be the cause of a number 
of obscure phenomena exhibited by cast iron, and it has 
been implied that they have properties peculiar to them- 
selves. A careful metallographic consideration of all the 
particles dealt with indicates no properties, and, what is 
more important, no modes of formation peculiar to these 
particles which are not exhibited in an entirely analogous 
way by the major phases of the cast-iron microstructure. 
It would seem, then, that the essential difference between 
these particles and the remainder of the metallic phases 
is the fact that the former occur in much smaller quantities. 
With this point in view, it is suggested here that these 
particles could be called ‘“ minor phases” to great 


advantage. This terminology has not so many misleading 
implications as the one already in use, and is likely to 
prevent the formation of prejudices and biased opinions 
when the properties of these small particles are being 
investigated or discussed. 


| 
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Developments in Zinc Alloy Castings 


By E. E. Halls 


Much research has been applied to ali phases of zinc alloy die-casting technique in recent 

years, and the progress achieved in this direction and in the development of reliable 

alloys has gradually removed the suspicion with which zine alloy castings were viewed 

in the past. To-day, a relatively small range of these alloys has become commercially 

established, each with its specific advantages and claims for particular applications. In 

this article these alloys are discussed, and the problems associated with their use in the 
production of castings are considered. 


failures—zine alloys as the base for cast components 

have been viewed with much suspicion for the last 
twenty or thirty years. During this time, suspicion has 
become prejudice in this country, so that until the last 
year or so zine alloys have not been acceptable to general 
engineering, and their utilisation has been confined to a 
relatively restricted range of articles required competitively 
in large quantities. The automobile industry is typical of 
the more progressive groups, which have taken advantage 
of the possibilities of zine alloys for their components, 
carburettor parts, instrument cases and accessories, door 
handles and radiator mascots being among the articles die- 
cast. In America, on the contrary, much development and 
research have been extended over many years, covering all 
phases of zine alloy die-casting technique, during which 
period the alloys have been gradually adopted and con- 
fidently employed in practically every industry using metal 
products. But it is stressed that this condition of affairs 
does not mean indiscriminate practices in any way ; rather 
that industrial practice is strictly guided by sound 
technology. 

In point of fact, a small range of zine alloys has been 
commercially established, all with the same general attri- 
butes, each with its specific advantages and therefore claims 
for particular applications or service conditions, and each 
perhaps with some limitations. They serve industry while 
research goes on. They are of relatively closely limited 
composition, not only with respect to the percentages of 
main alloying elements, but of even greater importance with 
regard to permissible impurities and their quantity. Thus 
it is seen that the outlook on each side of the Atlantic 
is entirely different. In America, early failure of zine 
alloys stimulated efforts to seek the cause, and as a result 
sound zine alloys, a knowledge of what they should con- 
tain and what should be avoided, and also test methods 
tor their soundness, have been established, accepted on their 
merits, and given entire satisfaction. 

In this country, progress, soundness of outlook and 
opportunism have been entirely lacking. Moreover, there 
has been, in the writer’s opinion, an inexcusable sluggishness 
to take advantage of the American experiences and pub- 
lished information. As a result, the few users of castings 
who wish to be in the forefront with fabrication methods 
are still asked to accept something “ just as good,” if this 
expression may be used, when they specify alloy of the 
proved type. The position, however, is rapidly changing 


Fi quite sound reasons—namely, disastrous early 


for two reasons. Firstly, use of the light alloys for the 
majority of their mundane applications can no longer be 
under war emergency conditions, and zine alloys 
are only logical substitute. Secondly, production rates 
mus’ soar while economy in machine loads must be 
eX! ed: as a result, engineers have to take every 
po advantage of die-casting. 

4 alloys afford just that little extra advantage that 
con .ces the most conservative. It is unfortunate that 
al irgin aluminium required for the large quantities 
of involved cannot be granted, and that a portion of 
ae ‘ty metal has to be employed for some grades of 
all only from the psychological angle. However, the 
for cknowledgment of zine alloys as engineering die- 
cas. materials, the official insistence upon the right 
gra. of alloy and their proper handling in the foundry 


to give uncontaminated castings, will inevitably assert its 
influence by the sound results achieved, so that in the post- 
war period the prejudice remaining should not be towards 
zine alloys as a whole, but directed only against those not 
conforming to recognised standards. 

The fault with the early zine alloys lay in the fact that 
they were virtually developed from type metals, and com- 
prised zinc, containing high contents of tin and copper, with 
often the inclusion of lead. They were subject to inter- 
crystalline cracking which tended to develop rapidly with 
premature disintegration. They were also susceptible to 
growth and so, dimensionally, were notoriously unstable. 
Setting off, therefore, from the basis that zine base metals 
suffered from these two objections, rather than trying to 
obscure the defects, research has been directed towards 
discovering the agencies that promoted such deterioration 
with a view to their complete elimination. At the same 
time, work covered the alloying elements in order to deter- 
mine those necessary and the optimum quantities, all this 
having reference firstly to the serviceability of the article, 
and secondly to the practical problems in the foundry. 

Regarding impurities, it has been established that 
cadmium, lead and tin are the fatal poisons, and that these, 
tending to segregate at crystal boundaries rapidly cause 
cracking and disintegration. They can be safeguarded 
against in the original alloy billets, beyond which it is the 
duty of the foundry to see that no possible contamination 
enters during casting. Pots, goose necks, and all machine 
parts must be kept scrupulously clean, with no possible 
entrance of other alloys. Likewise, scrap should not be 
returned unless guaranteed, and rejected castings viewed 
with suspicion, particularly if they ;contain metal inserts 
e.g., free-cutting brass screws, bronze bushes, ete. Likewise, 
cadmium-plated or tin-coated inserts should never be called 
for, as inevitably traces of these coatings enter the alloy, 
at least locally. Iron is another impurity due to unavoid- 
able pick-up from machines, pot, ladle, and die. It is not 
seriously detrimental in limited amounts, but excess may 
cause local embrittlement, and reduce surface resistance to 
corrosion. 

Alloying Elements 

Modern alloying elements are aluminium, copper, and 
magnesium. Aluminium is essential, its optimum concen- 
tration being 4°,,. It helps the caster, improves life of the 
tools, and adds to mechanical strength of the alloy. The 
first is done by improving fluidity and that nebulous though 
positive factor of castability. The second it achieves by 
reducing the rate of dissolution of iron from melting pots 
and goose necks. The third it produces by refining the 
grain size, although if present in excess it can reduce 
resistance to impact. Copper is claimed to be an essential 
element by many die-casters, but this is not a fact. The 
practical effect is a marked improvement in castability, 
with copper up to | to 14%. It tends to reduce inter- 
crystalline deterioration, and was at one time essential for 
this, but the availability of super purity zinc has changed 
this position. It is favourable in improving tensile strength, 
but it can operate unfavourably upon dimensional changes 
with time. 

Magnesium is primarily required for suppressing inter- 
crystalline corrosion, and in conjunction with the high 
purity zinc eliminates the need for the inclusion of copper 
tothisend. The straight zinc-magnesium-aluminium alloys 
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are the most dimensionally stable so far developed. In the 
absence of copper, magnesium in some cases does detract 
from the quality of castability, hence the close limits upon 
its content ; but in excess it also promotes hot shortness. 
The magnesium percentage being so low renders it impera- 
tive that it shall not be lost during die-casting, and for this 
reason overheating, excessive time of heating, and the return 
of scrap must all be given the most careful attention. The 
latter becomes something of a problem if not organised 
from the outset, because scrap is inseparable from good 
casting technique and economics demand its re-use. 


Factors Ensuring Soundness 

For the provision of good smooth surfaces and ensuring 
maximum soundness internally, generous vents on the die 
must generally be given, with correspondingly higher scrap. 
It is recommended that as castings flow forward along the 
production line, scrap from fettling operations and rejections 
should continuously pass in the return direction. This 
avoids accumulations with the consequent greater possibility 
of contamination, encourages each machine to use its own 
scrap, and minimises the possibility of admixture of alloys, 
as well as helping to maintain composition and physical 
condition as uniform as practicable over a long run. Again, 
remelting of new scrap is easier and cleaner than that of old 
serap, because of lesser dust and dirt contamination and 
little surface oxidation. Fluxes must not be used, because 
they invariably result in losses of aluminium and magnesium 
by interaction with acidic or halogenated bodies, and loss of 
magnesium initially present in such small quantities is very 
harmful. Failure of castings to pass steam ageing test 
requirements has on more than one occasion been traced 
to this fault. 

TABLE 1. 
TyricaL ANALYSES or THE Earty UNsatisractory Zinc 
CasTING ALLOYS, 


Composition, 


Sample 
No. 
Tin Copper. Lead. Aluminium. Zine. 
1-2 15 82-0 
2 2-3 82-2 


Some Alloys and their Properties 


The patented series of alloys under the trade name of 


Zamak in America and Mazak in this country grew with the 
development work noted above, and have rightly grown 
to be regarded as the standard of reference for sound zine 
alloys. ‘Their compositional, mechanical and physical 
properties are all clearly defined, as well as their stability 
in terms of change in strength or in dimensions with ageing. 
Table | shows the composition of typical castings of old- 
time composition, which proved a failure, due to disintegra- 
tion in service. This is given to contrast with the Mazak 
compositions given in Table [land with the typical modern 
alloy compositions shown in Table LLL, which closely follow 
the Mazak formulations without the magnesium constituent, 
without the same guarantee for super purity zine and 


TABLE 
VALUES PoR THE MAZAK Series or Zinc ALLoys, 


Composition, 
Alloy 
No, Aluminium, Copper. Magnesium. 
Nom. Max. Min. Nom. Max. Min. Nom. Max. Min. 
2 1-1 2-7 2-5 O-O2 
1-3 eo 125 O- OF 08 o-o2 
6 1-1 53-9) 1-25) 1-50) 1-00) Nil 


Maximum impurities in all alloys, Lron 0°075, Lead 0-008, 
Cadmium 0:003, Tin 0-001 Remainder in all alloys, Crown 
special zinc, 99°99 4 
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meticulous care respecting impurities, and assurances wit! 
respect to behaviour from ageing in service conditions. 

It will be seen from Table II that the No. 2 alloy is » 
high-copper content composition ; it has high qualities o| 
castability and high strength, but suffers in elongation 
impact strength, and slightly in dimensions upon ageing 
No. 3 alloy, copper free, tends to improve markedly jn 
elongation and impact, and to lose slightly in tensile 
strength : dimensionally, it is most stable with negligible 
changes. Alloy No. 5 is a compromise with low-copper 
content to retain maximum castability, showing some loss 
in impact upon ageing and some dimensional change. 
Alloy No. 6 is a further compromise to meet the demands 
of a market where the possibility of slight tendency to 
intererystalline cracking and close retention of dimensions 
are of no importance. 

TABLE IIL. 


COMPOSITIONAL VALUES OF OTHER TyPICAL MoprErN 
Zine ALLoy 


Sample Composition, 
No. Aluminium. Copper. 
39 
2 4-90 
3 3°80 Nil 
4 4-11 2-36 
5 4-00 a 0-10 
6 4°15 0-26 
7 4-09 2-35 
3°55 1-03 


TABLE IV. 
AVERAGE MECHANICAL AND PuysicaL VALUES FOR Mazak 


ALLoys., 
Tensile strength, tons sq. in. 21 20 20 19 
Elongation ©, on 2in. ..... 5 43 3 5 
Impact strength, foot-Ib. .. 19 20 17} 22} 
Specific gravity .......... 6-7 6-6 6-7 6-7 
Melting point, C......... 380 380 380 380 


Typical average mechanical and physical values for these 
alloys are given in Table LV for guidance in comparing with 
other established alloys. 

War emergency has influenced the position of availability 
in this country, as a result of which the Mazak 3 alloy is still 
obtainable in no way modified from the original proved 
formulation, but the same virgin grade of aluminium is not 
obtainable for the other alloys. In order to distinguish 
clearly this change in affairs, a new alloy is marketed under 
the name Durak, covered by patent. This corresponds to 
the same close compositional limits as Mazak 5, to the same 
stringent restrictions on the harmful impurities, and 
virtually its performance can be regarded as the same as 
No. 5. Consequently, all rigorous service demands should be 
catered for by No. 3, and the less stringent ones by No. 5. 

It is seen from the foregoing that composition is critical, 
and it should therefore demand inspection control by 
analysis of batches of castings. This is practicable but 
tedious, and involves much skill for small amounts of 
magnesium (an essential ingredient) and for the minute but 
critical impurities. Actually, many inspection departments 
prefer a quick analysis for aluminium and copper, these 
determinations being straightforward, and a steam ageing 
test to cover the other features. This test comprises 
exposure of a number of samples, from the batch to an 
atmosphere of steam, 100°,, humidity at 95° C., for a con- 
tinuous period of 10 days, day and night. The equipment 
required is simple, although special. It uses a well-lagged 
tank lined with copper or Monel metal. A reservoir of 
water at the base is heated by electrical units automatically 
controlled from a point in the atmosphere above. A good 
fitting cover is required, with external indication of tempers- 
ture and a means of maintaining water level. No organic 
matter is permitted within the apparatus, and specimcts 
are suspenced from glass rods in the atmosphere, using 2)!¢- 
coated or aluminium wire. 
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The steam test discerns different compositions by the 
amount of dimensional movement, selected dimensions 
being measured accurately before and after test. Mazak 3 
alloy will not give a movement of more than 0-001 in., 
whereas Nos. 2, 5, and 6 will give rather more. Loss of 
magnesium on casting will cause an increase in movement. 
It is pointed out that dimensions not unduly broken by 
holes and such like should be chosen, and the same move- 
ment must be allowed on dimensions of less than | in. 
The test shows porosity and air inclusions from bad 
casting or poor design because undue expansion occurs and 
when fractured black cavities are revealed. It shows 
adverse contamination by distortion, cracking, and a 
tendency to laminate. Consequently much can be learnt 
from the test by dimensional check, visual examination 
and fracture, and batches represented by the specimens 
can confidently be accepted if the samples withstand the 
conditions satisfactorily. 

Users of zine castings, even when selecting Mazak No. 3, 
have still another safeguard against permanency of 
dimensions in service where dimensions are exceptionally 
critical. This comprises an ageing heat-treatment and 
the temperature can be from 70° to 100° C., with a corre- 
sponding time from 20 to 30 hours. This treatment only 
applies to Mazak No. 3 alloy. It produces almost immeasur- 
able dimensional change, but settles that small initial 
shrinkage of the material. It should therefore be done 
prior to any machining to critical dimensions—e.g., drilling 
of holes or milling of faces. 

The disadvantage of zine alloys when compared with the 
light alloys is almost solely with respect to density. From 
the production angle, much lower casting temperatures are 
entailed (400°-425°C., as against 600°-700°C. for 
aluminium). Considerably less solution of iron from dies 
and less erosion of them occurs. Consequently, longer runs 
are possible prior to correcting tools, which thereby have 
longer life with a resultant greater accuracy and better 
surface finish. Also, operating conditions are accordingly 
more comfortable. Zine alloys have a short solidification 
range, and a narrower range through which to cool from 
solidification than do the aluminium alloys. From all these 
angles, zine approaches the ideal for a die-casting alloy for 
intricate components, for important dimensions, and for 
clear, sharp outlines. Exceedingly thin sections can be 
die-cast and fine print can be reproduced in raised 
characters, and metal “labels ’’ of this type down to 
0-020 in. thickness have been used. For miscellaneous 
components of irregular configuration, no general rule can 
be given for minimum thickness of any particular section, 
but jin. serves as a general guide. Where tappings are 
involved, the size of hole is to some extent a determining 
factor, and always sufficient thickness for at least two 
complete threads must be provided. For projections, the 
maximum possible root radius is always advisable. Again, 
as much metal as possible should be allowed in design 
around holes, as otherwise there is a marked tendency for 
air locks during casting, with porosity and consequent loss 
of strength, 

The mechanical values for zinc alloys have already been 
referred to in Table IIT. It will be noted they are superior 
to the average values for the aluminium light alloys, 
tensile strength and elongation being about double, and 
impact four to six times as great. They are harder, too, 
usually ranging from 60 to 100 d.p.n. Relative to 
mechanical strength, a series of test values for strength of 
tapped holes is of interest. Mazak No. 3 alloy castings were 
used, and, for comparison, hard temper white brass sheet 
(copper H0°,, zine 40°, hardness 160 d.p.n.). A range of 
B.A. sizes of steel screw were employed in a range of 
thicknesses of the two metals. The direct pull to strip the 
thread (tensile strength) was measured, and the torque 
to overturn the screw (unless it broke at head or thread) was 
also determined. Results are given pictorially in Figs. 
land. From these it can be seen that the zine alloy can 
be reli] upon to give at least half of the mechanical 
Strengtl of hard brass. It has already been indicated 
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A comparison of thread strengths in zinc alloy and in brass. 


that the mechanical properties are retained upon ageing, 
so no doubts as to utility and performance need remain. 


Surface Condition and Finish 

The finishing of zine alloys by enamel and electro-plate 
will be discussed in later issues. One relevant aspect, 
however, is appropriate at this stage. This refers to surface 
condition and finish. It has already been stated that little 
wear occurs on tools, and therefore dies initially well 
finished retain this conditionally. Dies must be well 
vented and brought together with adequate pressure. Long 
experience in the States has caused the evolution of new 
pressure die-casting machines to meet the new conditions 
imposed by zinc—namely, clean, rapid and accurate work- 
ing. In one of these, the die is closed by an initial pressure, 
and this is automatically ensured before the final pressure 
forces the metal into position. In this way, improper 
closing of the die with resultant splashing of metal is 
avoided, the possibility of metal getting between mating 
surfaces where it is not intended is eliminated, and general 
safety-first conditions are assured. In conjunction with this 
machine, and where both configuration of the part and 
quantity required permit, a designedly thick ‘ flash” is 
aimed at, and this is subsequently sheared off very 
accurately in a blanking tool. This, combined with high 
density, ensures minimum of polishing for electro-plate 
finishes, such as bright chromium. It also ensures no 
possibility of air entrapment which can cause flaking of 
surfaces with consequent additional finishing troubles. 


Machining 

Apart from fettling, zinc base die-castings in general are 
ready for assemblage or for decorative and protective 
finishing. Upon occasion, minor machining operations are, 
however, necessary, or adaptation of a casting from an 
existing tool by slight modification may be a matter of 
economics. The zinc alloys, relatively soft, present little 
difficulty, and much machining is done without lubrication. 
At the same time, zinc does tend to build up on tools 
and cause seizing, and for all speed operations proper 
lubrication is advocated. The chief machining operations 
include tapping of small holes, which may be as small as 
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9 or 10 B.A. size, and drilling of small holes. Again, milling 
for accuracy of flatness of one face relative to another may 
be entailed. In using lubricants, however, thought must 
be given to their subsequent removal because traces of oil 
or grease are very harmful to the proper adhesion of finish. 
Broadly speaking, a liquid lubricant easily removable by 
solvent, preferably by trichlorethylene, since this is a 
TABLE V. 


CHARACTERISTICS OF LiguTt MINERAL BLENDING OIL AND OF 
PARAFFIN OIL, 
Mineral Blending Oil. 
Physical. 
Viscosity, Redwood, seconds at 
Specific gravity at GO° 0-895 
Chemical, 
Paraffin Oil. 
TUT CTT TCT 0-820 


Specific gravity at 


Boiling range, C., ° by volume : 


loo 


Note, A 50/50 mixture of the above provides a good cutting 
coolant for drilling. 

commonly employed degreasant, should be selected. 
“ Solid * fats and waxes should be avoided in every case, 
and this particularly applies to tallow and beeswax, which 
are often for efficiency and convenience in 
application. 

For drilling, mixtures of lard oil or machine oil and 
paraffin, turpentine and paraffin, and soluble oil are 
commonly used. The writer prefers to use a 50/50 mixture 
of paraffin oil and mineral blending oil of characteristics 
given in Table V, or for the more difficult cases ordinary 
good quality sulphurised cutting oil (see Table VI) thinned 
1 part with 4 parts of the blending oil. For tapping, a 
special tapping oil, comprising a fixed oil, such as lard oil, 
in light mineral oil is recommended. Examples of this 
type of lubricant are given in Table VII. Soluble oil 

TABLE VI. 
CHARACTERISTICS OF STRAIGHT SULPHURISED CUTTING 


chosen 


OILS, 
Type No. 1. Type No, 2. 

Phys ical, 
Viscosity, Redwood, seconds at 

0-930 0-928 
Flash point (open), 352 338 
Chemical, 
Acid value, mems. KOH gm. ... 59 ea 3°3 
Saponification value, 

Sulphur content, % O-6 1-8 


Ash on incineration, 
Note. Type 2 preferred for higher sulphur content and higher 


Viscosity when warm. 
emulsions are not recommended, owing to the difficulties 
of cleaning off the soapy oil emulsion. If one is employed, 
it must be followed by an alkaline clean (e.g., 4 0z. of sodium 
metasilicate per gallon), ensuring complete removal. 
Attention in machining must be given to clearance for 
chip removal, Cutting angles must be correct, tools keen, 
speeds generally high, and feeds slow. It is worthy of note 
that holes can be punched in thicknesses up to | in. pro- 
viding there is the surrounding land and the metal is fully 
supported on the bottom tool. 
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TABLE VIL. 
CHARACTERISTICS OF SPECIAL 
Type No. 1. Type No. 2 
Composicion, 


190 loo 

Acid value, mgms. KOH gm. ... 2-7 es 1-3 
Saponification value, mgms. 

Ash on incineration, %.......... 0-02 0-01 

Viscosity, Redwood, seconds at 

gt 42 36 


with mineral blending oil. 

The fillip given by the automobile industry to zine 
castings for ornaments, handles, stone guards, and misce|- 
laneous parts has extended to all engineering industries. 
Ornamental cast-iron frames and grills are substitutable by 
zinc. Buckles and clips, buttons, ornaments, clock frames, 
desk accessories—all miscellaneous articles can be made in 
this way. The electrical industries now use zine alloys for 
frames for switches and automatic apparatus, for plug 
bodies and terminal connectors, for supporting brackets 
and base-plates, for dust covers, and so forth. Applications 
are legion, but the alloy must be properly chosen and 
covered by inspection test, and the component should be 
thoughtfully designed to secure the best from the many 
advantages of zine alloy die-casting. 


Sintered Alloys of Boron- Carbide and 
Their Applications 

ORON carbide is harder than silicon carbide or fused 
B alumina ; in the fused condition it is more brittle 

than copper or nickel and their alloys. Some time 
ago it was found! that boron carbide readily alloys with 
these and other common metals after heating to about 
2,000° C. Examination of the products after cooling reveals 
that the metal solidifies in the spaces between the boron 
carbide crystals. Maximum toughness is attained by using 
crucibles of magnesia or graphite crucibles lined with 
magnesia, ordinary graphite crucibles resulting in absorp- 
tion of a percentage of graphite by the alloy to give a 
product which can be readily cut and worked. 

A convenient method of working this type of boron 
carbide alloy is to convert it into powder and then rebond 
by sintering at a relatively low temperature ranging from 
800° to 1,400° C2. The sintered compositions find applica- 
tion as abrasives and bearing surfaces. A typical abrasive 
mix comprises 80 parts of a boron carbide alloy containing 
70°,, copper, which is thoroughly mixed, before sintering, 
with 10 parts copper powder and 10 parts diamond (80-140 
mesh). For use as bearings the face of the alloy is sub- 
sequently lapped and polished to avoid abrasion. 

A more recent development in this field concerns the 
production of fused compositions, in which a carbide of 
tungsten, molybdenum or chromium is associated with 
boron carbide as a separate crystalline phase. These are 
prepared? by simultaneous reduction of boron oxide in 
admixture with chromium oxide, etc., with carbon in a 
resistance type furnace. One used in the manufacture of 
silicon carbide or boron carbide itself is suitable, a con- 
ducting core of carbon being bedded in a loose granular 
mixture of the respective oxides and carbon. Abrasive 
masses are subsequently prepared from the reaction pro- 
duets by crushing, moulding to shape and heating until 
sintered or incipiently fused. Like the alloys with the 
common metals mentioned above, the boron carbide- 
chromium carbide and like masses have the property of 
forming a pasty mass when heated, which facilitates their 
working. 


The Carborundum Company. 
Carborundum Company. 
Carborundum Company. 


: Note.-Type No. 2 preferred for greater fluidity and adequat« 

fatty oil content; Type No. | would withstand 50/50 dilution 

USP. 2,124,538, 
2. USP, 2,200,258. 
3. U.S.P. 2,201,151, 
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Some Scientific Problems connected with 
Powder Metallurgy 


By E. A. Band, Ph.D. 


The application of powder metallurgy is still in its infancy, and more intensive research 
on the process would have a stimulating effect in promoting its development, and in this 
article some problems are discussed, the solution of which would effect progress. 


possesses in these days need not be emphasised, 
and reviews on the possibilities of its application 
have been made in a number of publications; in fact, 
its application and development have been based mainly 
on experience which, to-day is considerable. 
Investigations on the physical and chemical funda- 
mentals of this process are scarce, or at least, little has 
been published about them; too little, indeed, and 
penetrating further into the fundamental phenomena 
which occur when metal powders consolidate under the 
influence of pressure or heat, or both of them would not 
only be to the benefit of powder metallurgy itself, but would 
also have a stimulating effect upon other branches of 
scientific research. 


Tr technical importance which powder metallurgy 


question if and how the original structure suffers from 
alteration or even destruction and of what nature the 
inner stresses are to which the particles are exposed should 
also be given attention. 

The engineer or scientist who is familiar with the pro- 
duction of metalloceramic products is well conversant 
with the so-called presintering or prefiring process—i.e., 
a heat-treatment to which certain powder-metallurgical 
products are exposed prior to the sintering proper. The 
bar consisting of compressed tungsten powder shows 
higher solidity when exposed to a heat-treatment of about 
1,000° C. for a certain period of time than one which comes 
right out of the mould. What takes place during such a 
heat-treatment ? Is it that the processes involved are 
substantially the same as those which occur during the 


In the following a selection is made from the many sintering close below the melting point? And is it per- 
examples which could be cited, and they clearly point  missible in the case of tungsten, for instance, to speak of : 
to what amount of research work could be done. plasticity as W. D. Jones* understands that term, and 
There is little agreement on the question why com- Comstock‘ discusses it? And does grain growth take 
pressed metal powders keep together even if not subjected place and recrystallisation ? Here, too, microphotographs 
to any intended heat-treatment, however trivial it may may offer some interesting conclusions. os 
appear to the powder metallurgist to compress metal Some light could be thrown upon the question as to what ae 


powders to briquettes in a suitable mould out of which 
these compacts can then be taken, in most cases without 
special precautionary measures, and showing surprisingly 
high solidity. Ch. Hardy has given us some idea on that 
subject, but otherwise little attention has been dedicated 
to that question since the publication of W. D. Jones’ 
book on Powder Metallurgy.”? 

Hardy suggests that friction caused by the act of com- 
pression is responsible for generating an amount of heat 
which might enable the particles to weld together. Further- 
more, he assumes that the particles owing to the method 
by which they are usually produced possess a very clean 
surface. This assumption, however, has by no means 
been proved correct, and it is doubtful whether in the 
majority of cases it is permissible at all. Whilst he admits 
that with particles of the same metal this welding effect 
takes place only at the surface of the particles he presumes 
that in case of pressing a mixture of powders—e.g., copper 
and tin, such an amount of heat can actually be produced 
which might be able to perform alloying between the 
particles concerned, and in this connection he speaks of 
“migration of atoms,”’ and atomic welding”; indeed, 
an attractive comprehension, which might be the beginning 
of a series of valuable investigations ! 

If friction really plays an important part in the con- 
solidation of metal powder accumulations, then strength 
of the pressed compacts or perhaps better the amount of 
molten or liquid phase produced ought to depend on the 
shape of the mould for a given quantity of powder ; further- 
more, it will depend not only on the absolute pressure 
exerted but on the speed at which it acts, not only on 
the particle size, but also on the particle shape and on 
the grain size distribution of the powder employed. 

Tensile tests on pressed compacts made from one or 
more powders in connection with microphotographs would 
surely bring forth interesting results. In this connection 
investigations should be made on the question whether 
particls after having been pressed together are mec- 
hanically interlocked with each other, in which case 
particle size would play the dominating part. The 


part recrystallisation plays in sintering phenomena by 
using—e.g., tungsten powder reduced in hydrogen in 
comparison with tungsten powder mechanically com- 
minuted to the same grain size. A powder which has 
suffered from no mechanical treatment will most probably 
act in a way quite different from one which has been 
manufactured by a comminution process. 

Or is it really films of impurities surrounding each 
single grain which, as Carpenter and Robertson’ doubt, 
are supposed to be responsible for grain bond in general ? 
If that be the case, particles of powders prepared in 
different atmospheres should combine with each other in 
different ways, and Goetzel’s research on copper powders® 
represents an extraordinarily valuable contribution towards 
this problem. He found that copper compacts sintered 
in vacuo are superior in properties to those heat-treated in 
hydrogen. A comprehensive study of this paper is sug- 
gested. He entered a field which should now be properly 
explored. 

Another interesting but well-known phenomenon is, 
that loosely-heaped metal powders, when heated, take on 
a certain amount of solidity without previously having 
been exposed to any pressure. Are the tensile properties 
of such structured agglomerations in any connection with 
the melting point of the metal powder employed, with the 
way in which it has been pretreated, and in this case are 
valid the same laws which hold good for compressed metal 
powders ? Grube and Schlecht’ have in a way dealt with 
that question as far as molybdenum is concerned, and 
they found that the temperature at which grain growth 
of molybdenum powder begins does not depend on the 
pressure applied, and is the same for loosely-heaped 
powder and for compacts pressed under 6,000 kg./cem.? 
These results only prove the necessity of continuing 
investigations of that nature. 

And, apart from that, can there be any essential dif- 
ferences observed other than greater porosity, particularly 
as regards grain growth, bond of grains and recrystal- 


D. Jones, loc. cit. 
1G. J. Comstock, Metal Progress, vol. 35, 1939, p. 343. 


5 H. Carpenter and J. M. Robertson, ‘* Metals.’ Oxford University Press, 1939. 
6 C. G. Goetzel, “ Structure and Properties of Powder Compacts.”’ Journ, 
ean indy. Nature of Bond in Powder Metal Compacts.” Metal Progress, Inst. Met., vol. 66, 1940, p. 319. 
— p. 171. 7 G. Grube i Schlec Leber Sinte 
7 G. Grube und H. Schlecht. Ueber Sinterung von Metallpulvern, Elektro- 
i Jones Powder Metallurgy.” Edward Arnold and Co., London, 1937. 


chemie (44), 1938, p. 367. 
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lisation ? What could we learn from microphotographs 
showing sections of heaped powders heated at different 
Do particles grow in different ways with 


temperatures 
having been subjected to preceding heat- 


and without 


treatment / 
In the electrical industry so-called compound metals 


find use as contact materials on a large scale, and their 
main features have been discussed and thoroughly de- 
scribed in various publications and patent specifications. 
In the majority of cases tungsten represents the main 
constituent of such contacts, and it has become evident 
that different grades of tungsten put up different resistance 
against the influences of the electric arc. It has been 
proved that the life of such contacts and/or the load 
permissible for an assumed life depend clearly on the 
kind of tungsten grain employed, on its shape, its 
structure and the mechanical and thermal pretreatment. 
It ix evident. that powder metallurgy in this field may have 
a stimulating effect on the question of relationship between 
corrosion and structure of metals, nature of the grain bonds, 
ete., in general and the conditions prevailing in an electric 
contact concerning are resistance, interface resistance and 
the dependence on the structure of the contact and its 
pretreatment in particular. 

W. D. Clark® has recently described how aluminium- 
tungsten-alloys for the purpose of studying the equilibrium 
were produced by adopting powder metallurgical methods. 
Powder metallurgy here points to a very promising aim 
indeed, and apart from the industrially well-known method 
of intermixing homogeneously metals which do not alloy 
with each other, this method opens interesting aspects 
for the merely scientific side of metallurgy. Several other 
equilibria may probably be investigated similarly—e.g., 
W-Ag, W-Zn, Mo-Ag, ete., ete. 

Hence, the path leads further to the field of inter- 
metallic diffusion in general, and the results which W. D. 
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Jones achieved® with a series of powders give rise to th: 
question why bodies produced from powdered alloy 
show properties superior to those produced from their 
powdered constituents. 

In continuation of studying concentration-temperature 
equilibria would it not be interesting to look into pressure. 
concentration-temperature equilibria where powder metal- 
lurgy might be very helpful and might probably open 
aspects of an interesting nature / 

A paper which has recently been published in the 
American journal Metal Progress'® ought to be mentioned 
in connection with these considerations. In this paper 
the production of magnetic alloys by means of powder 
metallurgical methods has been dealt with. The main 
properties of these alloys and advantages we are not going 
to discuss here, but attention should be drawn to two 
interesting features—viz. : 

(a) Dependence of permeability on grain size of alloy. 

(6) Insulation of each individual grain by a ceramic 

material. 

(ad a) Investigations and publications would most 
likely be very instructive. Permeability will probably 
not only depend on grain size merely, but on the shape and 
pretreatment of the grain as well. 

(ad b) The intended mixture of metals and metal oxides, 
which, at such an amount of required homogeneity can 
probably only be achieved with the help of powder metal- 
lurgy, has here been carried out on a broad basis. 

One will now ask for the essential differences between 
the combination of metal particles with each other and 
that of oxides and/or related materials (as they find use 
in the ceramic industry) with each other, and in pursuance 
of that, considerations on the essentials of the kind and 
nature of metal- metal-oxide binding will doubtlessly be 
led to fertile grounds through the help of powder 
metallurgy. 


Increased Use of Aluminium Alloy Scrap for 
Aircraft Materials 


By H. F. James (Director of the 


Sa result of the urgent need for still further in- 
A creasing the output of British aircraft, the most 

efticient utilisation of all available supplies of 
aluminium is now a matter of the greatest importance. 
The most remunerative step in this direction is to ensure 
that all good quality aluminium alloy scrap is recovered 
in an identifiable form for further use. 

The magnitude of the quantities likely to become avail- 
able can best be indicated by the fact that for every 100 
tons of light alloy materials supplied for air-frame and 
engine production not more than 25 to 30 tons flies away 
in the completed aircraft. 

Several British Standard Specifications relating to 
aluminium alloy products for aircraft construction have 
recently been relaxed in order to permit the use of scrap 
other than that of a manufacturer's own production. These 


modifications mark an important stage in the history of 


aluminium alloy manufacture, in that their introduction 
removed the sole remaining dividing line between the so- 
called “ virgin” and “ secondary alloys. 

For some vears this division has been somewhat fallacious, 
except in the case of materials required to conform rigidly 
to British Standard Specifications. The increasing care 
taken in the segregation and remelting of light alloy scrap 
has permitted the introduction of much larger proportions 
of such scrap into good quality alloys. There are now no 
high quality aircraft alloys in which scrap is not, or cannot, 
be used. 

There is no doubt that, so long as unwanted constituents 
in scrap are kept within the required limits by careful 
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sorting and melting in clean furnaces under satisfactory 
conditions, the product is, in all respects, suitable for 
addition to melts consisting of virgin metal and production 
scrap from semi-finished forms, such as, for example, 
aluminium alloy sheets. 

Before the war, scrap from specification materials in the 
form of sheet cuttings, forging trimmings, turnings, ete., 
was chiefly used in the manufacture of certain relatively 
low-grade casting alloys from which many of the light alloy 
castings employed in the motor trade were produced. Thus, 
before the previously mentioned modifications to specifica- 
tions were introduced a danger existed that the practice 
might continue of degrading high-quality scrap, such as 
Duralumin sheet cuttings, by adding it to melts containing 
zine, iron, silicon or other impurities in order to produce 
low-grade casting alloys. This would, of course, have 
resulted in a loss of aluminium for aircraft production of 
several thousand tons a year. 

Immediately upon the outbreak of war, however, the use 
of aluminium was necessarily very severely curtailed, and 
it became obvious that all good quality scrap should be 
segregated and used again in melts of composition similar 
to that of the original sheet, rod or other material from which 
it was produced. Utilised in this manner, its intrinsic value 
is approximately equivalent to that of alloys of similar 
constitution produced from virgin materials. The percent- 
age of such secondary material that can be added to melts 
is limited only by the supplies of segregated scrap available, 
and not, as has been the case hitherto, by the quantity of 
impurities allowed to mix with the scrap. 

It is important that every ton of good quality scrap, 
conserved by careful sorting and melting, saves a ton of 
imported virgin metal, and the shipping space required to 
transport it to this country. 
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Some New Ferrous and Non-Ferrous Alloys 


Their Composition and Uses 


Brief information is given of a selection of ferrous and non-ferrous alloys 
recently developed in the United States. 


and non-ferrous metallurgical laboratories has pro- 

ceeded with considerable vigour during the last 
year or two, and many patents have been granted for 
special alloys developed for specific purposes. Several of 
these are noteworthy as showing the trend of progress and 
brief reference is made to them in this review. 


T= development of new alloys in both the ferrous 


Ferrous Alloys 

Corrosion-resistant iron alloys contain 28-30°,, nickel, 
19-21°,, chromium, 2-7-3-2°,, molybdenum, 0-75-1-10°% 
silicon, 4-5-5°,, copper, and up to 0-07°, carbon. These 
alloys' can be hot-worked without difficulty and are 
exceptionally resistant to sulphuric acid in consequence of 
the presence of copper. Incorporation of the latter is 
facilitated by a combined silicon-molybdenum content not 
exceeding 5°%. 

Permanent magnets of the aluminium-nickel-iron type 
are prepared from a mixture of iron oxide, aluminium, 
nickel and a trace of zirconium. An alloy? containing 
57-7°,, iron, 29°, nickel, 13°, nickel, and 0-2° zirconium 
is made by igniting in a graphite crucible a mixture of 
finely divided black oxide of iron, aluminium shot, nickel 
shot and zirconium oxide. An excess of the last ingredient 
must be used as some of the zirconium finds its way into 
the slag. The melt is chill-cast by pouring into unheated 
moulds and then magnetised in the usual way. Zirconium 
takes the place of a much higher percentage of cobalt. 

Steel with good creep-resistance at high temperatures is 
made by substituting phosphorus for part of the molyb- 
denum or tungsten generally considered necessary for this 
purpose.’ A phosphorus content ranging from 0-08 to 
0-6°,, is advisable for steels alloyed with one or more 
elements in the group comprising nickel, cobalt, silicon, 
titanium, zirconium, manganese and carbon. The total of 
such elements should not exceed 30°. These steels find 
application in the fabrication of oil-still castings and oil- 
cracking still tubes subjected to high pressures at tempera- 
tures exceeding 450° C. 

Alloy steels with tungsten (or molybdenum), chromium 
and vanadium as principal alloy metals possess a fine grain 
and an improved creep ratio at high temperatures. They 
are suitable for valves, pipelines and high-pressure oil- 
refinery equipment operating at temperatures round 550° C. 
A typical alloy‘ will contain 0-15°%, carbon, chromium, 
1°, tungsten (or 0-5°%, molybdenum), 1%, vanadium, 
1-25°,, silicon, 0-05°,, sulphur, and 0-05°,, phosphorus. 


Copper Alloys 


Hot- and cold-workable alloys contain silicon, man- 
ganese and nickel. A crucible is charged with proportions 
of these metals to give a final content of 90-98°,, copper, 
|-7°, silicon, and 0-10-0-75°%, manganese. Enough 
nickel is then added to the melt to give a final content of 
%-25-10°,; also enough iron to give 0-5-0-75%. The 
mix is melted at above 1,150°C. and poured at 1,120- 
1,140 (. to ensure sound castings. These alloys are used 
for water and chemical tanks, paper mill and textile equip- 
ment and turbine blading. 

Hard, tough, ductile and springy alloys are made by 
melting 87-90% copper, 9-13°,, zine, and 2-4% tin in a 
crucible with addition of less than 2° manganese as a 
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flux. They find application yor electric switches (very 
high conductivity), fuse clips, springs and sash chains. 
Their hardness does not suffer by exposure for several 
hours tu a temperature of 250° C. 

By including a relatively high proportion of zine in 
copper-lead alloys it is possible to effect rapid deposition 
during welding. Slags rise rapidly to surface of the welding 
puddle and so make possible the use of a relatively large 
and deep puddle. Alloy welding rods on this basis contain 
12-15% lead, 8-10°% tin, 10-15% zine, 0-08-0-2% 
silicon, and the balance copper.” 

Dezincification of copper-zine alloys is found to be 
hindered or prevented by a small proportion of silver. 
Small quantities of other elements may be present (up to 
3-5% of tin, aluminium, lead, iron, manganese or silicon), 
in an alloy® composed of 58-85°, copper, 0-005-2°%, silver 
and the rest zinc. The superior corrosion resistance makes 
these alloys suitable in the construction of marine fittings. 


Aluminium Alloys 


A denser grain structure and better casting and machining 
qualities are conferred upon aluminium base alloys con- 
taining iron and antimony by addition of a tungsten group 
metal (tungsten, molybdenum or uranium), or a vanadium 
group metal (vanadium, columbium, tantalum), or a metal 
such as beryllium, boron or zirconium. Limits specified 
for ingredients are 4-10°,, copper, 3-8°, silicon, 2—10°%, 
iron, 0-5-15°, antimony, 0-25°, magnesium. The alloys 
serve for manufacture of pistons and cylinder heads.* An 
aluminium alloy containing 1-35°, copper, 1-35°,, man- 
ganese, 0-17%, titanium, and 0-25°, magnesium was 
difficult to cast. This defect was overcome by adding up to 
0-25%, tungsten.!° 


Magnesium Alloys 


A trace of calcium is advantageous in magnesium alloys 
containing aluminium, zinc and manganese. It permits of 
more rapid solution heat-treatment at a higher temperature, 
and obviates the previous necessity for two-step thermal 
treatment. The proportion added is of the order of 0-03 
to 0-3°, calcium in a cast magnesium alloy containing 
1-12°%, aluminium, 0-3-5% zine, and 0-05-0-3°%, man- 
ganese.!! 


Molybdenum Alloys 

Alloys of very high melting point which are suitable for 
X-ray targets and electrical contacts contain 60-99-75%, 
molybdenum and 0-01-1°,, osmium, possibly together with 
copper, gold and other metals.’* Powdered molybdenum 
and osmium are pressed to an ingot which is sintered (at 
2,000° C. in a hydrogen atmosphere), forged and swaged. 
The resulting alloy can be used as a refractory base for 
alloys with copper, gold, ete. 


Silver Alloys 


The wear resistance of silver base alloys intended for 
electrical contacts is improved by quenching treatment, 
followed by ageing at a much lower temperature.’ An 
alloy of silver with 10°,, copper was quenched from 750° C. 
and then aged at 250-300° C. Alloys with a high proportion 
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of palladium are quenched from above 600°C. and acquire 
a Brinell hardness exceeding 300 after ageing. Such an 
alloy may contain 40°, silver, 42°, palladium, and 18°, 
copper. Another example with a much lower palladium 
content is composed of 67°,, silver, 23°, palladium, 5°, 
copper, 2°,, gold, and 3°,, tin. 

While nickel itself is only soluble in silver to a minute 
extent, the presence of magnesium increases its solubility 
to a marked extent. The resulting silver-nickel-magnesium 
alloys are notable for their ductility in combination with 
high-tensile strength. Suitable proportions are 
magnesium and 0-25-5°,, nickel." Alloys with a much 
higher nickel content can also be made, preferably by 
sintering and not by melting. These alloys are indicated 
in the manufacture of electrical contacts, industrial 
apparatus and table silverware. 

1 2,087,979, Mallory and Co., Ine 


Fundamental Effects of Molybdenum in 
Steel 

MoLyspentM additions to steel contribute markedly to 
deep hardening. In this respect it is considered to be 
second only to carbon, Consequently, in sections where 
deep hardening is a controlling factor, molybdenum raises 
the endurance limit (fatigue strength) of steel and = en- 
hances other properties controlled by depth hardness. 
It also raises the strength of steel at elevated temperature, 
and improves resistance to creep; further, it virtually 
eliminates temper brittleness when it is present in adequate 
amounts. ‘The machinability of quenched and tempered 
steel at hardnesses above approximately 300) Brinell is 
improved by molybdenum, Closely paralleling its effect 
on elevated temperature strength and its ability to 
promote hardness, molybdenum permits the use of relatively 
high tempering temperatures to obtain a given hardness. 
The high tempering temperature contributes to the develop- 
ment of outstanding toughness at a given hardness. The 
corrosion resistance of stainless steels in certain applica- 
tions is improved by molybdenum. 

These factors are frequently encountered and are of 
considerable significance to the metallurgist and to the 
engineer, and a book recently issued,* which is concerned 
solely with the fundamental effects of molybdenum in 
steel, and the greater part of which is devoted to a con- 
sideration of the above factors. The effects of molybdenum 
on the tensile properties of steel, on hardness, fatigue, 
impact strength, elevated temperature strength, wear 
resistance, and corrosion resistance, are all briefly dis- 
cussed in the light of research and experience, and con- 
siderable attention is given to fabrication and heat- 
treatment of molybdenum steels, 

Molybdenum additions to steel do not promote the 


formation of tightly-adhering scale. On the contrary, 
most molybdenum steels are free scaling during the forging 
operation ; consequeatly, forgings have good surfaces, 


die life is prolonged and pickling costs are reduced, ‘The 
forging procedure does not differ materially from practice 
employed in the case of other alloy steels. 
The effects of this element that are concerned with heat- 
treatment processes can be briefly summarised as follows : 
1. Upper critical point is raised slightly on heating, 
and lowered on cooling. 

2. Since molybdenum ca-bides go into solution relatively 
slowly, the required time at quenching and normalis- 
ing temperatures is somewhat increased. 

3. Transformation rate of austenite may be modified 
to an important degree. 

4. Molybdenum steels soften less at the relatively high 
tempering temperatures required to relieve casting, 
forging, and quenching strains than steels containing 
molybdenum. 
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Columbium-Tantalum Alloys 

An iron-containing class of alloy with a high rare meta! 
content is made with the aid of oxides derived from ores 
of columbium, tantalum and yttrium.’ These are fused 
in an electric furnace to yield an alloy containing, by way 
of example, 55°, columbium + tantalum, 15°, yttrium. 
4°,, molybdenum, 20°, zirconium, and the balance iron. 
Oxides of columbium and tantalum are derived from 
columbite, yttrium oxide from gadolinite. Yttrium is pre- 
sumed to function as an oxidiser hardener during the 
alloying process. These alloys are proposed for the manu- 
facture of cutting tools for work requiring high chemical 
resistance and heat-stability (up to 1,000°C.). They may 
also find application as surgical instruments, pistons, 
evlinders, ete. 


15 2,187,630, J. Schafer. 


5. The addition of sufficient molybdenum to otherwise 
temper brittle steels will practically eliminate this 
undesirable phenomenon. 

Considerable attention is given to the fundamentals of 
heat-treatment and to the effects on the transformation 
characteristics when molybdenum is added to plain carbon 
and alloy steels in progressively higher percentages. 
Reference is made to the so-called **S”* curve as a con- 
venient method for studying the transformation of steels 
on cooling from above the critical range, and “8S ” curves 
are given for some plain carbon and molybdenum steels. 

Molybdenum imparts a stability of structure to quenched 
steels that requires a relatively high tempering tempera- 
ture to produce softening. It is also known that internal 
stresses have a profound effect on the toughness of steel 
as measured by the Izod and Charpy impact tests. Tem- 
pering tends to relieve the internal stress, and the higher 
the tempering temperature, the more complete the relief. 
The relatively high tempering temperatures necessary for 
molybdenum steels result in high impact strength at high 
hardness and tensile strength. 

Resistance to softening of molybdenum steels persists 
even in the presence of other alloying elements such as 
chromium. 

Brief reference is made to case-hardening and nitriding - 
machining welding; flame hardening; and the effect ot 
molybdenum in steel on these operations. The book 
contains much useful information on the subject. 


Soldering of Aluminium to Nickel or 
Monel 


IN order to secure improved adhesion, some investigators 
have electroplated aluminium, prior to soldering, with 
copper, nickel or iron. According to Ballay,' lap joints 
(1-2 in. overlap) in nickel-plated aluminium, 0-059 in. thick 
and } in. wide, broke outside the joint at 660 Ib. in tensile 
tests, and could be bent 90° at the joint without peeling. 

In soldering aluminium to nickel, the nickel may be 
tinned before soldering. Holler? reports that an aluminium- 
nickel butt joint so made in nickel, 0-20 in. thick, showed 
a tensile strength of 11,400 lb. per sq. in. (5-1 tons per 
sq. in.). Similar joints in Monel, 0-20 in. thick, had a 
tensile strength of 4,700—6,400 Ib. per sq. in. (2-1 2-86 
tons per sq. in.). The low strength, as compared wth that 
of the aluminium-nickel joint, was attributed to the 
formation of a brittle copper-rich layer adjacent to the 
Monel side. In butt joints in sheet, 0-039 in. thick, made 
more rapidly, the copper-rich layer was absent, and the 
tensile strength rose to 11,400—14,200 Ib. per sq. in. 
(5-1—-35 tons per sq. in.). 


1 Re iluminium, 1934, Vol. 11, Pp. 2365-70. 
2 Der Leichmetall-Schiceisse C. M rholl, Verlag, 1936 
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Oxy-Acetylene Welding of Stainless 
Steels 


By L. Sanderson 


Most manufacturers produce a welding quality of stainless steel developed with a view to 

facilitating good welding. In order to retain the stainless properties at the weld and effect a 

serviceable junction between the parts welded many important factors are involved, and in 
this article particular attention is directed to oxy-acetylene welding. 


craft, and particularly in the modern seaplane, has 

necessarily involved a considerable use of welding, 
and even though riveting may be necessary in certain 
instances, the invention of stainless steels of types not 
demanding heat-treatment after the welding operation has 
considerably extended possibilities in this direction. The 
oxy-acetylene welding of the stainless steels deserves more 
attention than has always been paid to it, and in this 
present article some notes on its use and scope will be given. 


"T'« growing employment of stainless steels in air- 


The oxy-acetylene process is quite suitable for welding 
these steels, and there is no special difficulty attached to its 
use, but it must be borne in mind that the technique is 
different from that employed in the welding of the standard 
mild steels. In the first place, undue heating of the weld 
must be avoided, as this will cause the steel to melt and 
bubbles of gas will be liberated. These will, in all pro- 
bability, produce porosity in the weld metal and lead to 
failure. Secondly, the proportions of oxygen and acetylene 
in the blowpipe must be carefully controlled, or flaws in the 
weld will be certain. If, for example, there is too much 
oxygen, this will combine with other elements present to 
form oxide inclusions incapable of dissolution, and serving 
as possible focal points for the attack of corrosion. If, on 
the other hand, the acetylene is disproportionate, the weld 
metal will suffer from an excess of carbon which will cause 
the metal of the weld itself to lose ductility and become 
too hard, as well as become more liable to corrosion. 

The actual welding procedure is a function mainly of the 
thickness of the steel being welded. Sheets not more than 
16-gauge are usually flange-welded—i.e., they are provided 
with a flange roughly +; in. along those edges to be welded. 
These flanges are then painted with a flux. As soon as the 
blowpipe flame strikes the sheets to be dealt with, it melts 
these flanges first. 

Another method is to place the joint on a supporting 
strip of metal possessing a high thermal conductivity, such 
as copper, but care must be taken not to liquefy this sup- 
porting piece, or it will pass into the metal of the weld and 
harmfully affect its composition and properties. 

The welding rods employed should be of the same 
analysis as the material being welded. The flux should be 
made into a reasonably uniform paste by means of water. 
If these minor details are observed, it is quite feasible to 
produce a highly satisfactory weld on sheets between + in. 
and ‘in. without any special mechanical treatment of the 
sheet edges—e.g., bevelling off. Application of the flux 
must he on both upper and lower surfaces in order to pre- 
vent oxidation of the steel on the lower surface. Fluxing 
the lower surface produces a layer of slag which shuts out 
any sases likely to produce harmful oxidation. A valuable 
hint is to incline the seam of the weld a trifle in order to 
send the melting flux running down the slope in advance of 
the lated area. This is particularly advisable for the 
lower surface and brings about a bright welded line of 
smoot! surface. 


Fi v sheets above | in. thick the welding edges must be 
bevel'cd off and painted with flux. The underside of the 
weld seam must also be painted. 


A point often overlooked is the direction of the welding. 
If the plates are over | in. in thickness, they must be 
welded from left to right, but thinner sheets should be 
welded from right to left. The more swiftly the welding is 
executed the better, so long as proper care is observed, and 
only one side should be dealt with. Otherwise, it will be 
essential to heat-treat the steel first at a rather high 
temperature, and this is often troublesome. Another point 
is to eschew puddling of the welding rod, which causes 
porosity in the weld and reduces the physical strength. 

The developing use of stainless steel castings makes their 
welding by the oxy-acetylene process equally useful, but 
in this instance a pre-heat-treatment with a later slow 
cooling is advisabie, while if definite mechanical properties 
are required, it may be necessary to heat-treat after welding 
also. Here, again, the welding rods must be identical with 
the steel to be welded, but a little extra acetylene should be 
introduced if the castings have over 0-5°,, carbon. 

The flame used should show only a slight feather of 
acetylene, though this rule must be interpreted in the light 
of the casting’s type. For example, a carbon content of 
from 0-5 to 1-95°, demands only a slight feather, but 
castings containing between 2-0 and 3-0°, carbon require 
a broader feather. In any event, however, the length of 
the feather must never be greater than that of the inner 
cone. 


If the castings contain chromium, as is almost inevitable 
in stainless steels, a special flux will be essential, and the 
maker of the stainless steel shou'd be asked for his precise 
recommendations. In welding chromium steel, oxides of 
iron and chromium are produced which, if neglected, will 
occasion weld failure or weakness. The use of a flux causes 
these oxides to pass into solution, and simultaneously pro- 
duces a slag which melts at the welding temperature. The 
oxides, impurities, dirt, and other foreign or undesired 
particles, are thus able to make their way upwards through 
this until they float as a scum on its surface, where they 
can be skimmed off. It should be stressed that thorough 
cleansing of all the surfaces to be welded should be carried 
out before the actual job. Take care also to give the job 
support, so that its own weight will not pull apart the 
freshly welded surfaces. 

It will be appreciated that the high welding temperatures 
essential set up stresses in the steel as soon as it begins to 
cool down, and if something is not done to ease these, 
damage may be caused. The stainless steels, rich in 
chromium as they are, are of intricate grain pattern, while 
their physical properties are diverse. Haphazard methods 
cannot, therefore, produce a strong and ductile weld metal. 
The operator should be familiar from the start with the 
type, structure and analysis of the material he is to weld, 
the heat-treatment it needs to put it into the proper 
condition, and the precautions essential in welding it. 
This necessitates an outline of the different classes of stain- 
less and heat-resisting steels from this point of view. 

The stainless chromium irons come first, though to-day 
these are not so widely used in the manufacture of aircraft 
as at one time seemed possible. They contain 11-14% of 
chromium with 0-12°% carbon or under. They will harden 
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in air from 775°-800° C., and when welded the area in the 
neighbourhood of the weld becomes hard and_ brittle. 
Obviously, the steel must not be left in this condition, and a 
form of heat-treatment designed to improve the grain 
structure becomes necessary. The metal is heated to 
670°-750° C. for 30 mins., then cooled off in the furnace or 
in stillair. If the weld is of small dimensions and confined 
to one place furnace treatment may not be essential, and, 
indeed, there may be no furnace available. The blowpipe 
flame can then be used to soften and toughen the affected 
area, though this practice is by no means to be recom- 
mended, and furnace treatment is always preferable. The 
steel should never be heated to beyond 775°C. (dull 
cherry), nor should it be maintained at that temperature 
for more than 5 mins. 

In oxy-acetylene welding of the stainless irons, excess 
oxygen must be avoided at all costs, as it causes porosity 
due to the liberation of gas bubbles. <A trifle too much 
acetylene will not do any serious harm, but a real excess 
will create carbonization of the weld metal and impair its 
resistance to corrosion. The flame must be carefully 
regulated so that it becomes of barely reducing character, 
and the valves should then be turned back until the 
acetylene feather has virtually disappeared. 

The straight chromium steels, as distinct from the irons, 
are higher in carbon, and contain 12-16-0°,, chromium with 
0-2°, or more carbon. They are used for engine valves, 
spindles, propeller shafts, and many other parts, while their 
use in aircraft is rapidly increasing. These steels, if allowed 
to cool down from a high heat in still air, become very hard, 
and welding thus sets up a condition of extreme hardness 
and brittleness in the neighbourhood of the weld. This 
condition has to be eliminated by an annealing treatment 
which comprises heating up to 815° C. and then allowing 
to cool down slowly in a closed furnace or in a box buried 
in ashes orlime. One effect of this treatment is a diminution 
of corrosion-resistance, but a hardening and tempering 
treatment will restore this. The surface of the welded part 
must, however, be well finished, so as to provide the best 
possible degree of resistance to corrosion. 

it must be pointed out in connection with these steels 
that they are not suitable for welding where the welded 
piece will be called upon to withstand severe vibration or 
stress, unless they have been given an intricate and careful 
heat-treatment demanding costly plant, or unless it is 
feasible to place the stresses upon some other part more 
capable of bearing them. 

We now come to the ferritic stainless steels, which have a 
chromium content higher than that of the stainless irons, 
but in addition contain a percentage of silicon (0-5-1-5°,). 
The chromium percentages range from 17-19. More re- 
sistant to corrosion than the irons, they do not harden when 
cooled down, while their silicon addition makes them easier 
to weld. Against this, however, is the fact that the high 
temperatures of welding create coarsening of the grain and 
consequently brittleness in the welded zone. Since this 
cannot, in these steels, always be cured by heat-treatment 
after the operation, the remedy is to employ a welding rod 
of austenitic nickel chromium IS-S stainless steel. This 
produces a strong and ductile weld. Not even this, however, 
will entirely eliminate the tendency to brittleness, but the 
welder can do a great deal to reduce this brittleness to a 
minimum by his own personal skill. A heat-treatment that 
has been found beneticial in certain instances is to anneal 
in the furnace at 650°-750° C. and then allow the part to 
cool down in still air. 

The heat-resisting chromium alloys, which are mainly 
designed for engine use in valves, exhaust manifolds, ete., 
are highly corrosion resistant, but are by no means readily 
welded because their high chromium content makes them 
brittle. Furthermore, sharp changes of temperature lead to 
severe stresses, and their lack of brittleness makes it difficult 
for them to resist these. They remain fairly ductile so long 


as the temperature is below 475° C., but a prolongation of 


the heating, or a slow cooling from 550°—400° C. makes them 
extremely brittle, and this brittleness can only be eliminated 
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by reheating to bright red followed by rapid cooling. If the 
piece to be welded is of rather large section, it is best to 
preheat the entire part to 475° C. and weld complete at one 
go, to avoid local reheating. The reheating must be above 
475° C. if the weld and its neighbouring zones is to remain 
ductile or resume ductility. 

The most valuable group of stainless steels is, as is well 
known, the austenitic 18-8 nickel-chromium stainless steels. 


containing from 17-25%, chromium and 7-12° nickel. 
plus other elements added for specific purposes. These 


steels do not become brittle when welded, and do not 
harden in air, so that the speed of cooling does not influence 
the ductility of the metal. They are thus well suited to the 
welding operation. A carbon content of below 0-12 and 
the possibility of acute corrosive attack alone render a heat- 
treatment advisable, and this consists of raising them to a 
temperature of 1,000°-1,040° 

No flux is necessary, though for the satisfactory bottom 
fusion of the steel, a flux is desirable. The physical charac- 
teristics of the weld metal will depend on the type and 
properties of the steel in advance of welding. A thin, 
moderately cold-worked sheet will give a stronger weld 
than a fully softened steel. A moderate amount of cold 
work will also lessen the extent of carbide precipitation in 
the course of welding. 

Water-quenching from the welding temperature is 
inadvisable, because it softens the steel, creates dangerous 
stresses, and produces distortion. Air-cooling produces 
sufficient ductility in the weld. Weld-decay must be 
avoided. Most of the standard types of austenitic stainless 
steel need a heat-treatment after welding, but sometimes 
the piece is too big for heat-treatment, or the proper plant 
isnotat hand. For this reason metallurgists have developed 
types of austenitic stainless steels not requiring heat- 
treatment after welding. Their method is to add alloys. 
such as titanium, columbium, or molybdenum, or perhaps 
two of these, or all three together. These stabilise the 
structure of the steel in the welded zone, and so prevent 
both intergranular corrosion or “ weld-decav’”’ and the 
creation of dangerous stresses. , 

The austenitic stainless steels expand much more when 
heated than do low carbon steels, and are only poor 
conductors of heat as compared with the low carbon steels. 
If the piece or sheet to be welded is thin, therefore, there 
is a considerable danger of distortion, which should be 
eliminated by a suitable heat-treatment and the use of 
jigs and chill plates. 

To sum up, in oxy-acetylene welding of austenitic stain- 
less steels, too much acetylene or oxygen in the flame must 
be prevented, or the result will be carbon absorption or 
porosity. A too reducing flame produces a weak and brittle 
weld. Cleaning the work before welding is essential. 
Wherever possible, use a stainless steel developed specifically 
for welding, and obtain this fully softened and descaled. 
Use sheet rather than strip. Fully soften and descale the 
welds after the operation if it has not been possible to use a 
type of steel not requiring heat-treatment after welding. 
In welding sheets, use a wire gauge as heavy as or a trifle 
heavier than that of the sheet to be welded. The gap be- 
tween the sheets must be one-half the thickness of the sheets. 

If descaled stainless steel sheets cannot be used for 
welding purposes, clean the parts to be welded and in the 
neighbourhood of the ultimate weld by scrubbing with a 
wire brush, by grinding if the edges have been bevelled, 
or by washing with the same mixture as is employed for 
descaling. 

Tue Nickel Bulletin for November includes abstracts 
dealing with current work on nickel catalysts in hydro- 
genation processes, methods of producing perfect electro- 
deposited coatings, effects of hydrogen in steel, flame 
cutting of alloy steels, selection of steel for gears, and the 
magnetic permeability of austenitic nickel-chromium steels. 

Copies may be obtained free of charge on application to 
the Bureau of Information on Nickel, Grosvenor House, 
Park Lane, London, W. 1. 
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Recent Heat Treatment Furnace 
Installations 


Contributions to those Refinements in Practice which Fulfil the 
Demand for Better Quality Products 


Careful study of heat-treatment operations and the development of approved technique in recent 

years have enabled furnace makers to design and build furnaces for specific or general services 

capable of meeting the ever-increasing demand for better quality of the finished product. The 

progress made has teen invaluable during this period of national emergency and has facilitated 

the fulfilment of heavy demands for new heat-treatment plant and equipment, since existing 

designs have been reproduced or only slightly modified to satisfy particular requirements. 
Some of these new installations are briefly reviewed. 


construction of heat-treatment furnaces are 

helping furnace makers considerably in meeting 
the heavy demand for new plant and equipment during 
this period of national emergency. There has been no 
time to concentrate on further developments of major 
importance, and furnaces installed during the period under 
review are either reproductions of existing designs or only 
slightly modified to meet particular requirements. But 
so great has been the progress in recent years that modern 
heat-treatment furnaces can be regarded as highly efficient 
precision tools capable of contributing those refinements 
in practice which assist in fulfilling the demand for better 
quality of the finished product. 

Whether the treatment involves annealing, normalising, 
carburising, hardening, tempering, solution treatment or 
ageing, very efficient furnaces are available, and advances 
in the technique, developed for the material and components 
treated and associated with their operation, satisfactorily 
fulfils the requirements of the particular processes. Take 
the furnaces developed for normalising sheets, for instance ; 
these are usually of the continuous type, and their essential 
characteristics are: (a) that the sheets should be carried 
through the furnace smoothly and without injury to the 
surface ; (6) that the amount of fuel required for the 
operation should be a minimum ; (c) that the surface of 
the sheets when normalised should be equal to a mill 
finish when loose rolled; (d) that the plant should be 
capable of working throughout the entire week without the 
necessity of closing down for cleaning purposes ; (e) that 
rider sheets are unnecessary ; and (f) that the sheets should 
be free from scale and blisters. A typical normalising 
— which fully meets all these requirements is shown 
in Fig. 1. 


A DVANCES made in recent years in the design and 


Fig. 1. 
A continuous 
sheet normalis- 
ing furnace. 


ourte Wellman 
Smit} n Ena. Cor- 
poration, Ltd, 


The general method of operation in this type of furnace 
is to carry the sheets horizontally from end to end of the 
furnace. Static and moving members extend through the 
heating and cooling zones from a point about 10 ft. in 
front of the charging end of the furnace to any required 
distance beyond the discharging end. Preheating, soaking 
and cooling chambers constitute the sequence of heat- 
treatment. The furnace is fired by clean gas on the 
“* Wellman-Chantraine ’’ principle, viz., the air for com- 
bustion is admitted to the furnace chamber through small 
holes arranged in the furnace crown; the clean gas is 
introduced through ports arranged just below the skew- 
backs of the furnace crown in the side walls of the com- 
bustion chamber. 

The gas ports are designed to throw the gas in an upward 
direction to follow the contour of the crown. By this 
means the air for combustion is isolated from the surface 
of the sheets, which are entirely surrounded by the flame. 
The height of the furnace crown in the preheating zone is 
arranged so that the flame reaches well below the sheets, 
thus ensuring uniform treatment. 

Washed producer gas, blast furnace or coke oven gases, 
have been found to be entirely satisfactory for the nor- 
malising of fine quality steel sheets, as they do not affect 
the sheet surface ; they are also easily handled and con- 
trolled. An important feature of the furnace illustrated is 
the elimination of rider or carrier sheets which, apart from 
their cost and labour in handling them, waste a considerable 
amount of heat. 

The sheets are conveyed through the furnace on a patent 
walking beam system. The beams move in an endless 
path, vertically upwards, horizontally forward, vertically 
downward, and horizontally rearward. This movement is 
progressive, and a sheet placed upon the stationary beams 
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Fig. 2.._A bright annealing furnace comprising four 
hearths and one gas-fired furnace. 
is raised and moved forward horizontally and replaced 
upon the stationary members—thus the sheets are moved 
forward step by step. The small amount of sag that takes 
place between each supporting side member is reversed 
when the moving members take the weight of the sheet 
in between the static members. The practical effect of 
this is to make the sheet flat by the constant changing 
of the stresses in the sheet. It is noteworthy that even 
the thickest sheets, badly curved direct from the rolls, 
flatten out to a plane surface before leaving the hot zone 
of the furnace. 

A complete system of temperature control is an important 
feature of this furnace, and every provision is made against 
excessive temperature fluctuations, 


Atmosphere Control 


In the realm of the bright annealing of metals and alloys 
progress in recent years has been most marked, and to-day 
a very wide range of furnaces are in use for diverse heat- 
treatment operations that employ some 
atmosphere control. The advantages of obtaining fully 
annealed metals in a perfectly bright condition are well 
known, and it is now recognised that the use of controlled 
atmospheres for the heat-treatment of semi-finished material 
or of components is of tremendous value to metal users, as 
it eliminates pickling and polishing operations with con- 
siderable reduction in cost of the finished products. 

There is no lack of suitable materials for providing 

Fig. 3. Electrically heated pit-type furnace for 
uero-engine parts. 


Metalectric Furnaces, Ltd. 


Courtesy of 
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Fig. 4.—Bright-annealing furnace for wire 
and strip in coil form. 


atmospheres that retain the bright surfaces of metals 
during annealing or which prevent the formation of scale, 
but much attention has been directed to the finding of 
the cheapest and most convenient material for each 
particular job. The main object is to eliminate oxygen 
from the furnace atmosphere, and for this purpose the 
controlled atmospheres used may conveniently be divided 
into two groups: those that contain carbonaceous gases 
and those which do not. Ferrous materials in particular 
are heat-treated in atmospheres derived from carbon 
compounds, of which many are suitable, but major import- 
ance is attached to butane, propane and coal gas. By 
the controlled combustion of these gases with air, an 
atmosphere may be produced which consists essentially 
of nitrogen, hydrogen, carbon monoxide, carbon dioxide 
and water vapour. Sulphur compounds are usually 
present in these gases and can be removed by suitable 


apparatus ; the removal of the sulphur is particularly 
important in electric furnaces, as it attacks nickel- 
chromium heating elements. Coal gas is now more 


generally used, since it is reasonably cheap and easy of 
access, 

Those controlled atmospheres derived from sources not 
containing carbon compounds consist essentially of mixtures 
of nitrogen and hydrogen, although in the manufacture of 
magnesium and light alloy material and components such 
gases as chlorine and sulphur dioxide are used. The 
materials from which mixtures of nitrogen and hydrogen 
are obtained are more limited than with carbon com- 
pounds, but a convenient raw material is available in the 
form of anhydrous ammonia. It is extremely pure, and 
when compressed at normal temperatures to about 80 Ibs. 
per sq. in. is a liquid. It is available in cylinders and is 
reasonably cheap. A small plant, such as the ammonia 
cracker developed by Imperial Chemical Industries (Ferti- 
liser and Synthetics Products) Ltd., is necessary to 
dissociate the anhydrous ammonia into its constituent 
elements, hydrogen and nitrogen, for the production of 
the atmosphere. 

By the controlled combustion of cracked ammonia with 
air, a gas results which consists essentially of nitrogen 
admixed with hydrogen. When complete combustion of the 
hydrogen of the cracked ammonia takes place, two volumes 
of ammonia, giving four volumes of cracked ammonia, 
preduce seven volumes of nitrogen and three volumes of 
water vapour, which is condensed out. In ammonia 
burners it is customary to control the combustion so that 
the resulting gas mixture varies between 90 to 9’ 
nitrogen, and 10 to 1° hydrogen. It is generally recognised 
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Courtesy of Incandescent Heat Co., Ltd, 


Fig. 5.—Gas-conditioning unit for producing 
a protective atmosphere. 


that nitrogen containing a small percentage of hydrogen 
provides an ideal atmosphere for most bright heat-treat- 
ments in both ferrous and non-ferrous metals, providing 
the mixture is free from water vapour and free oxygen, 
The application of controlled atmospheres to heat- 
treatment operations has increased considerably since the 
outbreak of hostilities ; they are applied to bright anneal- 
ing, stress relieving and normalising; bright hardening 
and bright tempering ; descaling of hot-rolled materials 
and of components ; and bright brazing with copper and 
silver solders. Among the many recent installations of 
heat - treatment furnaces which incorporate atmosphere 
control is that shown in Fig. 2. It illustrates a bright- 
annealing furnace comprising four hearths and one gas- 
fired furnace. The hearths take a charge measuring 


6 ft. by 2 ft by 2 ft. 6 in., and will accommodate two ton 


charges of bright steel coils. An artificial atmosphere is 
used in order to prevent oxidation and decarburisation 
during annealing. The hearths are fitted with bands 
designed to circulate air completely around the charge, 
thus accelerating heating and cooling and assisting in 
obtaining close temperature control. A movable heating 
chamber is lowered over any one of the hearths in order 
to heat the charge, and the average time of heating and 
soaking a full charge at the operating temperature of 
650° to 750° C. is five hours. 

The electrically heated pit-type furnace shown in Fig. 3 
is a general purpose furnace, and is used for hardening or 
tempering and occasionally for carbonising. The furnace 
illustrated is used for the heat-treatment of aero-engine 
components at temperatures up to 1,000° C. The chamber 
dimensions are 16 in. in diameter and 14 in. deep. The 
heating chamber is fitted with a gas injector, which operates 
on low-pressure town gas, to provide a non-oxidising 
atmosphere when required. A fan is fitted in the hearth 


Courte-y of Britith Firnaces, Ltd. 


Fig. 6.—An installation for the heat treatment of high-speed 


steel drills and reamers. 


to ensure maximum uniformity of temperature up to 
650° C.; beyond this temperature it is not used. 

The furnace shown in Fig. 4 has been specially developed 
for the bright annealing of wire and strip in coil form. 
Installations of this type usually consist of three or four 
bases, with inner covers and purging gas shields, to one 
outer cover. This permits continuous operation, as the 
load on one base can be under treatment while the other 
bases are used for cooling, unloading and reloading pur- 
poses. The charge is supported on a perforated plate and 
is covered by a light inner cover which fits into a sand 
seal around the base. This cover is of mild steel, alu- 
minised on the outside, and provided with a skirt which 
dips into a water trough, providing an additional seal. 
The outer cover or heating chamber is equipped with 
special ring burners, and the combustion system is con- 
nected to the gas main supply by means of a flexible tube. 
Each base is fitted with a fan, which materially assists 
during the heating and cooling cycle. 

Throughout the heating and cooling cycles the inner 
cover is purged with conditioned gas, the use of which 
ensures perfect bright annealing of the charge. This 
protective atmosphere is supplied from a separate gas 
conditioning unit in which town gas is partially burned, 
dehydrated and desulphurised before being introduced 
inside the inner chamber. The amount of conditioned gas 
produced in the separate unit, which is shown in Fig. 5, 
is between three and four times the amount of town gas 
used. 

The high temperatures required for the successful heat- 
treatment of many alloy steels have greatly increased the 
difficulties associated with heating operations. This is 
especially true of high-speed steels, the heating of which 
was studied by the research department of the Sheffield 
Gas Company some time ago, As a result of this work a 


Fig. 7.—-Micrographs of the same steel treated in (a) open type furnace, and (b) atmosphere controlled furnace. 


Heated at 1,320° C. for 15 mins. x 600 


Heated at 1,300° C. for 15 mins. x 600 
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Courtesy of Birmingham Electric Furnaces, Lid. 


Fig. 8. An installation for the continuous scale-free 
hardening and tempering of bolts. 

controlled atmosphere process was developed which has 
proved very successful in practice. Furnaces incorporating 
the patented process have been designed and built for the 
heat-treatment of all forms of tools, including milling 
cutters, reamers and twist drills. 

The purpose of the process is to eliminate the formation 
of scale and to prevent decarburisation at the same time. 
Since it has been put into practical operation, one feature 
has been recognised as having added considerable value 
to its adoption: tools so treated have a longer cutting 


life than tools made from similar steel treated under 
ordinary furnace conditions, Cutting tests on high-speed 
steel reamers, twist drills and hobs have shown 100 to 


150°,, increase in life over similar tools treated by ordinary 
methods, 

An installation for heat-treating high-speed steel twist 
drills and reamers, incorporating this process, is shown in 
Fig. 6. It consists of a double chamber pit type preheat 
furnace in the centre with a single chamber high tem- 
perature furnace on the left. On the extreme right is the 
unit for producing the special atmosphere used in the 
muffles of both furnaces. ‘Town gas is burned in the unit at a 
fixed rate and under definite conditions to produce products 
of combustion of known composition, and these flow 
through a vertical water-cooled vessel where they are 
reduced to a temperature sufficient to lower the water 
vapour content appreciably. 


A box type furnace for the heat-treatment 
of light alloys. 


ourtesy of 


Fig. 10. 


Vetahetric Furnaces, Lid 
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The mixture of gases which leave the cooler consist 
almost entirely of carbon dioxide and nitrogen. The latter 
is without effect on steel, but the carbon dioxide, in the 
presence of a small amount of water vapour, is capable 
both of scale formation and decarburisation, but to a less 
marked degree than either water vapour or air. To over- 
come even this slight tendency to affect the surface and 
carbon content of the steel, a small amount of unburned 
town gas is added to the mixture, leaving the cooler in 
such a way that efficient mixing takes place. 

When this mixture of gases passes into the working 
chamber, its temperature rises, and reactions take place 
which alter its composition, the composition of which 
depends upon the temperature of the furnace when using 
any one ratio of cooled burned gas and unburned gas, 
This ratio is under definite and simple conirol and allows 
any desired type of atmosphere to be produced in the 
furnace. These atmospheres are not to be confused with 
those referred to as oxidising, reducing or neutral ; they 
are more correctly referred to as “* balanced atmospheres ™ 
adjusted by a consideration of the composition of the steel 
being heated and the temperature of the operation. 

The results obtained with any class of steel which 
requires to be heated to any temperature up to 1,385° (. 
are perfectly consistent, and it can be guaranteed that no 
decarburisation takes place and that there will be no 
more than 0-Q001 in. of scale. In addition, it is possible 
to control the internal structure or grain growth. The 
illustrations in Fig. 7 show the internal structure obtained 
by heating high-speed steel under different furnace con- 
ditions. The steel is the same in each case, the standard 
8-4-1 type, containing 18°, tungstun, 4°, chromium, 
1°, vanadium, and 0-7°,, carbon. Steel specimens of the 
same weight and shape were used in each treatment. 
Some were heated in an ordinary open type furnace of 
modern design and others in the controlled atmosphere 
furnace developed and patented by the Sheffield Gas 
Company, and built under licence by British Furnaces Ltd. 

Another interesting installation in this category is that 
for the continuous scale-free hardening and tempering of 
bolts, shown in Fig. 8. It comprises a gas-heated, direct- 
fired continuous cast link conveyer furnace arranged for 
use with a controlled atmosphere, a gas plant, a quench 
tank for the hardening furnace, a continuous belt-conveyer 
tempering furnace similar to hardening furnace, a quench 
tank, washing and degreasing plant, and a gas plant to 
supply a non-scaling atmosphere. The hardening furnace 
is arranged for use with a controlled atmosphere at tem- 
peratures up to 850° C., and the tempering furnace up to 
TOO 


Fig. 11.--Large salt baths for the treatment of 
aluminium alloy parts. 


Courtesy of Incandescent Heat Co., Ltd. 
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The vertical furnace shown in Fig. 9 is in- 
stalled at the works of a leading automobile 
manufacturer; it is used for general hardening 
of automobile parts which are generally carried 
upon a jig, as shown, and suspended in the 
furnace chamber from the tool post. This furnace 
has a work chamber I6in. dia. and 28 in. deep, 
and is rated at I8kw. It incorporates the Wild- 
Barfield heavy hairpin heating elements fed from a 
step-down transformer. Fully automatic control 
is employed, and use is made of this firm’s 
counterscale curtain equipment to prevent scaling 
and decarburisation. The flow meters for this 
latter unit are visible on the right side of the 
furnace. 

Low Temperature Treatment Furnaces 


Advances made in low temperature treatments 
have been of great value, especially in the treat- 
ment of the light alloys. For these treatments 
furnaces require precise operation within narrow 
limits of temperature, and in electric furnaces 
developed for this purpose the heat is trans- 
ferred by convection currents, but radiation is 
slow, and in order to obtain rapid transference 
of the heat a turbulent atmosphere is promoted 
by forced air circulation. To accomplish this one or more 
fans operate in the furnace chamber, the number depend- 
ing upon the type and size of the furnace. A furnace of 
this type is shown in Fig. 10. It is suitable for tempera- 
tures up to 600° C., and the fan which effects even distri- 
bution of the heat is located in the roof. 

In addition to forced air circulation furnaces, salt baths 
have also found favour for these low temperature treat- 
ments. They are more rapid heating than fan furnaces, 
and since the bath can be maintained at a uniform 
temperature, the heating of light metal components can 
be controlled within very narrow limits. Two large salt 


baths of this type, designed for the treatment of aluminium 


alloy fabricated parts, is shown in Fig. 11. Each unit is 
15 ft. 6 in. long, 2 ft. wide, and 2 ft. 3 in. deep. Firing is 


Fig. 12..-Smaller type 
of salt bath for treating 
light metal parts. 
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Fig. 9.—Vertical furnace for general hardening of 
automobile parts. 


by means of a series of incandescent natural draught 
burners fitted to each side of the bath, and at short 
distances apart, equalising the heat delivery to the bath 
and making it constant throughout the length. 

Firing is mainly indirect, complete combustion of the 
gases taking place behind brick walls dividing the com- 
bustion chambers from the sides of the tanks, thus avoiding 
flame impingement. The burners are so placed that heat 
delivery to the bath takes place near the top, live heat 
being delivered to the point where the greatest amount of 
chilling takes place when the components are immersed, 
and also where heat loss to the atmosphere has to be 
compensated. This method also has the advantage of 
melting the bath from the top downwards, precluding the 
possibility of explosions due to excessive pressures being 
built up within the frozen salt. 

Another salt bath furnace which is equipped for auto- 
matic control is shown in Fig. 12. Its dimensions are 
36 in. by 24 in. and 12 in. deep, and it is used for smaller 
light metal parts. Many different forms of salt baths are 


Fig. 14.—Gas-fired diffused circulation 
type heat treatment oven for magnesium 
alloy castings. 
Courtesy of Controlled Heat and Air, Ltd. 


Courtesy of Kasenit, Ltd, 
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General view of a complete light alloy ageing 


Fig. 15. 
plant. 


in general use, and in addition to affording effective 
atmospheric control, they provide surface protection 
when the parts are removed from the bath, and are 
especially useful for aireraft parts, which depend upon 
uniform heating to an accurate temperature and subse- 
quent quenching for their best properties. 

Users of salt bath furnaces find it necessary to make 
frequent clearance and changes of salt as the most effective 
means of maintaining the ideal chemical balance ; freedom 
from contamination and corrosion of work ; and increasing 
the life of the pot or container. To facilitate the discharge 
of salt baths a salt ejector has been developed by The 
Incandescent Heat Co., Ltd., which enables the adoption 
of weekly or monthly cleaning out and inspection cycles 
with the ease and simplicity of the average plant main- 
tenance task, This automatic salt ejector has completely 
emptied a 15-ton capacity salt bath in about twenty 
minutes. The arrangement of the ejector is simple, and 
the unit will operate on baths of all capacities, and its 
proportions may be arranged to suit the design of any 
furnace unit. 

The battery of vertical furnaces shown in Fig. 13 were 
especially designed for the heat-treatment of light-alloy 
castings and forgings ; they employ forced-air circulation 
of the directional type. ‘The work-baskets which can be 
seen at the back of the illustration are 72 in. diameter and 


A battery of vertical furnaces for the treatment 


Fig. 13. 
of light alloy castings and forgings. 
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106 in. deep ; on account of their size, they are provided 
with three side-hinged doors to facilitate charging and 
discharging. The rating of each furnace is 120 kw. In 
each of these furnaces the centrifugal fan is mounted in 
the roof. The door is naturally heavy and considerabl, 
larger than would have been necessary with a bottom fan 
and special attention had to be paid to the operating 
mechanism. The vertical motion of the doors is effected 
by means of the hand-wheels shown: this rotates the 
screwed shaft operating in turn toggle arms. For travers- 
ing the drive is communicated from the second hand- 
wheel to the bogie-wheels via chain and sprockets. The 
control gear comprises a single-point indicating controller 
with a separate three-point recorder all of potentiometric 
pattern. Itis noteworthy that a variable thermal protective 
device is provided with each furnace to prevent damage 
to either furnace or charge in the event of failure of the 
automatic temperature controller. 


Diffused Circulation Heating System 


In the solution treatment and ageing of magnesium alloy 
components controllable atmosphere furnaces are frequently 
used, in which combustion takes place in an external 
combustion chamber, the products of combustion being 
circulated by means of a fan and returned. The recircula- 
tion of combustion products makes the control of the 
atmosphere composition a simple matter, increases the 
efficiency of the furnace, and gives a lower combustion 
chamber temperature. A_ gas-fired diffused circulation 
furnace of this type is shown in Fig. 14, while Fig. 15 
gives a general view of a complete light alloy ageing plant. 
This installation comprises two batteries of three batch 
type and two pit-type ovens. All these ovens are heated 
by the diffused circulation systems, the main feature of 
which is uniform temperature under any condition of 
loading. 

Special Purpose Furnaces 

Many special purpose heat-treatment furnaces have 
recently been installed, and Fig. 16 shows one of these in 
course of construction. It is a duplex nitriding furnace. 
It is well known that in the nitriding process the essential 
considerations are accurate temperature control, uniformity 
of heat distribution and the exclusion of air from the work 
containers during both heating and cooling. The type of 
furnace illustrated was designed to avoid difficulty in 
removing the container from the furnace while hot and 
to save the time which is wasted where it is necessary to 
cool off the furnace and container together. Two con- 
tainers are located on stationary hearths, and the heating 


Fig. 17.--A gas-heated rotary furnace for 
carburising small repetition parts. 


Courtesy of Brayshaw Furnaces and Tools, Ltd, 
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chamber is mounted on track wheels so 
that it can be located over either con- 
tainer. By means of a circulating fan 
very accurate temperature distribution is 
ensured. and the intimate contact of the 
ammonia secured permits full loading of 
the containers without risk of uneven 
treatment 


The gas-heated rotary furnace shown 
in Fig. 17 has been specially designed 
for carburising small repetition parts. 
The rotating drum is of nickel-chrome 
heat-resisting steel. The furnace can be 
tilted for charging and discharging by 
means of a hand wheel, and the front 
cover is clamped in position. When it is 
necessary to charge or discharge the 
furnace a small gantry facilitates the 
handling of the cover. This furnace is 
heated by gas and air pressure burners 
under accurate control, and it is equipped 
with automatic temperature control. 


Reviews of Current Literature 


A Practical Welding Course 


Wirn the rapid application of welding processes to the 
various engineering industries, the demand for trained 
welders increased and for a time there were insufficient to 
meet the demand, and it was necessary to provide facilities 
for adequate training. This question of training has been 
given considerable attention during recent years, and the 


success achieved has contributed in some measure to the 
expansion of welding processes. Increased demands 
necessitated by the war, however, are straining these 
training facilities, and this book is designed to accelerate 
training in the shop. The object of the author is fourfold : 
It is to assist the student to a clear and practical under- 
standing of all the factors involved in the are welding of 
metals; to provide the instructor with a useful source 
of reference and a practical handbook to implement his 
teaching; to widen the knowledge of the experienced 
welder in respect of the many factors which are not directly 
concerned with actual welding practice, but have an 
important bearing on the results obtained ; and to assist 
the executive who is responsible for the work of a welding 
shop. 

The text matter in the book has been subdivided into 

thirteen chapters, which cover practically every phase of 
are welding in a logical sequence to present a complete and 
practical course of instruction. A review of methods is 
followed by a brief discussion of the fundamental electrical 
principles involved, and on the types of equipment which 
are available. The metallurgy of steel and cast iron ‘s 
briefly discussed, and three chapters are devoted to various 
aspects of welding practice and a special section on cast-iron 
Welding. Two chapters deal respectively with metal- 
lography and examination of weld metal, and the costing 
of welt ng work. Useful welding data and many mathe- 
matic:! and other tables are included as appendices. These 
combine to form a very useful book on welding, but it 
shoul be remembered that the course of instruction 
prese. ted is concerned with are welding. 
_ To encourage the use of this book in training centres, 
mstructional schools and large works, the publishers are 
Willins to arrange special terms for quantities of one dozen 
or more ordered at one time. 

Pul\shed by Philips Industrial (Philips Lamps, Ltd.), 

‘century House, Shaftsbury Avenue, London, W.C, 2. 
Price, 3s. 6d. 


Courtesy of Birmingham Electric Furnaces, Ltd 


Fig. 16.—A duplex nitriding furnace in course of construction. 


Transactions of the American Institute of 
Mining and Metallurgical Engineers, 
Vol. 140 


Tuts volume is the thirteenth of a series containing papers 
and discussions presented before the lLron and Steel 
Division of the American Institute of Mining and Metallur- 
gical Engineers since its organisation in 1928. It contains 
22 technical papers with complete discussion, and also the 
Howe Memorial Lecture by Dr. Charles H. Herty, jnr., 
and the “ Round Table on Experimental Methods in the 
Study of Steelmaking,’ held in New York in February, 
1939. The subjects discussed in the papers cover a very 
comprehensive field, and much data given will be of 
considerable value to those concerned with the production 
of iron and steel. 

Four of the papers are definite contributions on the 
making of pig iron, and include a discussion on the thermo- 
chemical functions of the blast furnace process with a view 
to determining the effect on furnace efficiency of the 
so-called solution-loss reactions ; a study of the effect of 
the volume and properties of both and hearth slag on 
quality of iron; the desulphurisation of pig iron with 
calcium carbide; and the reduction of iron ores under 
pressure by carbon monoxide. Five useful papers deal 
with stainless steels : These include the magnetic analyses 
of transformations in the cold-worked 18-8 alloy; the 
nature of passivity in stainless steels and other alloys in 
which tine-potential data are given for Cr-Ni and Cr-Ni-Mo 
steels ; a discussion on the pitting of stainless steels ; the 
effects of low-temperature heat-treatment on the elastic 
properties of cold-rolled austenitic stainless steels; and 
the effects of temperature of pre-treatment on the creep 
characteristics of 18-8 stainless steel at 600° to 800° C. 
Several papers deal with various aspects of physical 
metallurgy, including an important contribution on the 
mechanism of austenite decomposition. 

Slag control is becoming an integral part of the open- 
hearth activities from charge to tap, and the informative 
lecture by Dr. Herty, jnr., will contribute to its more 
extended use. Of considerable interest is the round table 
discussion organised by the Physical Chemistry of Steel- 
making Committee of the Division. Freely discussed are 
such fundamentals as methods of analysis of gases and 
inclusions, slag-metal and gas-metal reactions, temperature 
measurements in molten iron and steel, methods for the 
study of slag compositions and characteristics, and the 
application of these to open hearth problems. 
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This volume is full of information on current problems 
in the iron and steel industry and on the manner in which 
their careful study is gradually increasing knowledge, the 
application of which is facilitating production or improving 
the quality of iron and steel. It is admirably presented and 
characteristic of the publications of this American Institute. 

Published by the American Institute of Mining and 

Metallurgical Engineers, 29, West 39th Street, New 
York, N.Y., U.S.A. ; price $5-00 net. 


Methane—Its Production and Utilisation 


ComMonty known as “marsh or “ fire damp,” 
methane is widely distributed throughout the earth ; it is 
formed by bacterial action on organic matter, and is thus 
often to be seen rising in bubbles to the surface of stagnant 
ponds and marshes. It occurs in oil and coal deposits, and 
may be synthesised or produced from coal gas, of which it 
forms an important constituent. In a country depending 
almost entirely upon imported fuel oils and petroleum, the 
production and utilisation of any fuel indigenous to that 
country is a matter of importance, particularly in time of 
war. This book surveys the whole subject, and although 
the author directs attention more especially to the utilisa- 
tion of methane gas as a fuel in internal combustion engines, 
applications are not confined to this outlet, but there is so 
little natural petroleum in Great Britain that the large 
unused reserves of methane gas provide a valuable alter- 
native fuel for this purpose. 

The author deals with the natural occurrence of methane, 
commercial production, estimated quantities, and uses. It 
is pointed out, for instance, that methane from coal-mine 
blowholes is all wasted ; a colliery in Ayrshire is stated to 
discharge over 1,000,000 cub. ft. per day. In one year five 
pits in West Wales discharge nearly 1,000,000,000 cub. ft. 
of gas, equal to nearly 7,000,000 gals. of petrol. Private 
enterprise is aware to some extent of the value of 
these supplies, and a comprehensive scheme for their 
collection and use of the gas at a colliery is cited, where over 
1,000,000 cub. ft. of gas are given off daily. The oil- 
producing countries are rich in this gas, but recent search 
for oil in this country has revealed that supplies of methane 
are available; one such source in Scotland can supply 
about 12,000,000 cub. ft. per day. Boreholes have been 
sunk for oil in various parts of the country, and the 
existence of considerable quantities of methane in Derby- 
shire and Sussex has been established ; Midlothian, York- 
shire and Lancashire borings have also revealed supplies, 
and a new oilfield in Nottinghamshire issues many millions 
of cubic feet a day. 

Useful information is given on the commercial production 
of methane from coal and coal gas, coke-oven gas, water gas, 
and from sewage, and an effort is made to assess the existing 
and potential supplies, but the author asserts that the task 
calls for a national survey. Much information is also given 
on the compression and liquefaction of the gas and on 
suitable containers, and brief reference is made to by- 
products from sewage. 

In his conclusions, the author states that the known 
supplies of methane are at present substantial, that their 
development will render them vast, and that used as an 
alternative to petrol the actual and potential supplies can 
replace a large proportion of the fuel at present imported, 
in addition to providing a source of several important 
chemicals ; these facts make the subject one of extreme 
importance to the country in peace-time as well as war- 
time, when the value of a 10me-produced fuel for transport 
may well be invaluable. 

The author is to be commended for performing what can 
be regarded as a valuable service in collecting data and 
all relevant information to prepare this thought-provoking 
book ; it should lead to action being taken with a view to 
the exploitation of methane gas. 

By J. P. Lawrre, Ph.D., F.1.C.S. Published by Messrs. 

Chapman and Hall, Ltd., Henrietta Street, London, 
W.C. 2. 66 pp. Price 6s, net, 
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Chrome Ore and Chromium 


WITHIN recent years, chromium in its various forms has 
become indispensable in the arts both of peace and war. 
and the demand for it is ever increasing. The mosi 
important application is in alloys steels, which are widely 
employed in all branches of engineering; they include 
those commonly known as stainless and heat-resisting 
steels, for which chromium is an essential constituent. 
In addition to its importance as a source of chromium. 
however, the ore from which this useful metal is obtained 
is also largely employed in the form of bricks for the 
refractory linings of certain types of furnaces. It is also 
the raw material for the manufacture of many important 
chromium compounds used in various chemical industries, 

All these applications are dealt with in this new volume, 
which has just been added to the series of monographs on 
mineral resources issued by the Imperial Institute. It is 
a book of 118 pages which, in addition to covering the 
utilisation of the mineral, deals with other aspects regarding 
its nature and occurrence, with special reference to deposits 
in the Empire. It is important to note, for instance, that 
at the present time about one-third of the ore from which 
chromium is produced comes from the British Empire, 
which possesses extensive deposits in Southern Rhodesia, 
the Union of South Africa, and India. The chief foreign 
producers are Turkey, U.S.S.R., Cuba, Philippine Islands, 
Yugoslavia, Greece, and New Caledonia. 

The facts concerning chromium and chrome ore are 
presented as they were at the outbreak of war last year, 
and they are supported by a large number of statistical 
tables of production and trade. For obvious reasons no 
attempt has been made to modify the text in the light of 
subsequent events, but this monograph should be in the 
hands of everyone concerned with the production and use 
of chrome ore, and economists, teachers and the general 
reader will find much in it to interest and guide them. 
A selected list of references is given at the end of the book, 
which will be found invaluable for more detailed reading. 

By Ropert ALLen, M.A,,B. Se., and G. E. Howling, B.Se., 


and published by The Imperial Institute, South 
Kensington, London, S8.W.7; price 2s. 6d. net 


(postage 4d.). 


Bibliography of Spectrochemical 
Analysis 


IN this bibliography are given references to books and 
papers of metallurgical interest, and on subjects relating 
thereto. The compiler’s book, Metallurgical Analysis by the 
Spectograph, was published in 1933, and included a list of 
114 references. This list, brought up to March, 1935, was 
then issued as a separate publication under the title, 
Bibliography of Literature on Spectrum Analysis. In the 
present second edition of the bibliography the references 
have been brought up to August, 1940, and now number 
510. To conform with current terminology, the title has 
been changed. 

Short explanatory notes are given with most of the 
references, and an author index is provided. The grouping 
of the references in sections obviates the necessity for a 
subject index. There have been some alterations to the 
arrangement of the matter, possibly the most important 
of which is the inclusion of a new section on ‘* Applications 
of the Microphotemeter,” a subject of particular importance 
at the present time. As before, references are given under 
the headings of the individual basis metals (with cross- 
references) so that the reader may quickly find all the 
published information dealing with his particular field of 
interest. 

Compiled by D. M. Situ, A.R.C.S., B.Se., D.LC., 
F.Inst.P. Second edition. 55 pp. 1940. Published by 
the British Non-Ferrous Metals Research Association, 
Euston Street, London, N.W.1. Price 3s., post free 
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Britain, 
Christmas 1940 


Chen spake hollp: 

am fierce and jolly, 

3 will bave the masterp 

Jn landes where we go.” 
(15th Century Carol) 


A 


The staffs of F. A. Hughes & Co., Limited and Magnesium Elektron Limited send 


to all their friends the Compliments of the Season and wish them good luck in 


the days that lie ahead. 


T.G.S. 
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Tin and Industry in 1940 
Particular attention is directed to 
production and changes brought 
about by the war, 

Micro-hardness of Metals in Thin 

British Metallurgical Progress in 
War-time << 

Secondary Aluminium 

Some Developments in Alloy Steel 
Production. By J. H. G. Mony- 
penny, F.Inst.P. 
Fuctors which have conirituted io 
ihe de velopment of the all 4 steel 
industry are discussed, and a com- 
parison made between old and new 
specifications, showing the extent of 
progress in meeling more exacting 
demands, 

Metallurgical Progress in the Foundry 
in 1940. By J. G. Pearce, M.Se., 

The Metallography of Inclusions in 
Cast Iron and Pig [rons 
The metallography of small particles 
in the microstructure of cast iron has 
heen studied and a_ preliminary 
scheme of their classification de- 
developed, Using this classifleation 
various inclusions are considered, 
and results are given of experiments 
carried out to elucidate the nature 
and mode of ececurrence of these 
pute les. 

The Development of Low-alloyved, 
High-speed Steel. By D. W. 
Rudortf, M.Inst.F. 
Some recent developments are dis- 
cussed in which high-chromium steel 
is alloyed with tungsten, molybdenum 


and vanadium. 
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Development in Zine Alloy Castings. 
By E. Halls 
Much research has been applied to 
all phases of zinc-alloy die-casting 
technique, and in the development of 
reliable alloys. A relatively small 
range of these alloys is discussed. 

Some Scientific Problems Connected 
with Powder Metallurgy. By E. A. 
Bano, Ph.D. és 

Increased Uses of Aluminium Alloy 
Scrap for Aircraft Materials. By 

Oxy-acetylene Welding of Stainless 
Steels. By L. Sanderson 


Factors involved in welding stainless 


steels are discussed ; their observa- 
tion is necessary to retain the stain- 
less properties of the weld and to 
effect a serviceable junction. 

Some New Ferrous and Non-Ferrous 
Alloys: Their Composition and 

Fundamental Effects of Molybdenum 

Recent Heat-Treatment Furnace In- 
Some of these new installations are 
given which are contributing to 
refinements in practice that fulfil the 
demand for better quality of the 
finished product. 

Reviews of Current Literature 
A Praciical Welding Course. 
American Institute of Mining and 
Metallurgical Engineers.  Trans- 
actions, Vol. 140. Methane: Its 
Production and Utilisation. Chrome 
Ore and Chromium. Bibliography 
cf Spectrochemical Analysis. 
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